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be controlled to prevent exposure of the pub­
lic to potential health and safety hazards at 
the disposal site. Therefore, for liability pro­
tection of operators of landfills that handle 
asbestos, fencing and warning signs are rec­
ommended to control public access when 
natural barriers do not exist. Access to a 
landfill should be limited to one or two en­
trances with gates tha t can be locked when 
left unattended. Fencing should be installed 
around the perimeter of the disposal site in 
a manner adequate to deter access by the 
general public. Chain-link fencing, 6-ft high 
and topped with a barbed wire guard, should 
be used. More specific fencing requirements 
may be specified by local regulations. Warn­
ing signs should be displayed at all entrances 
and at intervals of 330 feet or less along the 
property line of the landfill or perimeter of 
the sections where asbestos waste is depos­
ited. The sign should read as follows: 

ASBESTOS WASTE DISPOSAL SITE 
BREATHING ASBESTOS DUST MAY 

CAUSE LUNG DISEASE AND CANCER 

Recordkeeping. For protection from liabil­
ity, and considering possible future require-
n-ients for notification on disposal site deeds, 
a landfill owner should maintain documenta­
tion of the specific location and quantity of 
the buried asbestos wastes. In addition, the 
estimated depth of the waste below the sur­
face should be recorded whenever a landfill 
section is closed. As mentioned previously, 
such information should be recorded in the 
land deed or other record along with a notice 
warning against excavation of the area. 

152 FR 41897, Oct. 30, 1987, as amended at 62 
FR 1834, Jan. 14, 1997] 

APPENDIX E TO SUBPART E OF PART 
763—INTERIM METHOD OF THE DE­
TERMINATION OF ASBESTOS IN BULK 
INSULATION SAMPLES 

SECTION i, POLARIZED LIGHT MICROSCOPY 

LI Principle and Applicability 

Bulk samples of building materials taken 
for asbestos identification are first e.xamined 
for homogeneity and preUminary fiber iden­
tification at low magnification. Positive 
identification of suspect fibers is made by 
analysis of subsamples with the polarized 
light microscope. 

The principles of optical mineralogy are 
well established.'2 A light microscope 
equipped with two polarizing filters is used 
to observe specific optical charactei-istics of 
a sample. The use of plane polarized light al­
lows the determination of refractive indices 
along specific crystallographic axes. Mor­
phology and color are also observed. A retar­
dation plate is placed in the polarized light 
path for determination of the sign of elon­
gation using orthoscopic illumination. Ori­

entation of the two filters such that their vi­
bration planes are perpendicular (crossed 
polars) allows observation of the birefring­
ence and extinction characteristics of aniso­
tropic particles. 

Quantitative analysis involves the use of 
point counting. Point counting is a standard 
technique in petrography for determining 
the relative areas occupied by separate min­
erals in thin sections of rock. Background 
information on the use of point counting^ 
and the interpretation of point count data^ 
is available. 

This method is appHcable to all bulk sam­
ples of friable insulation materials sub­
mitted for identification and quanti tat ion of 
asbestos components. 

1.2 Range 

The point counting method may be used 
for analysis of samples containing from 0 to 
100 percent asbestos. The upper detection 
limit is 100 percent. The lower detection 
limit is less than 1 percent. 

1.3 Interferences 

Fibrous organic and inorganic consti tuents 
of bulk samples may interfere with the iden­
tification and quanti tat ion of the asbestos 
mineral content. Spray-on binder materials 
may coat fibers and affect color or obscure 
optical characteristics to the extent of 
masking fiber identity. Fine particles of 
other materials may also adhere to fibers to 
an extent sufficient to cause confusion in 
identification. Procedures tha t may be used 
for the removal of interferences are pre­
sented in Section 1.7.2.2. 

1.4 Precision and Accuracy 

Adequate data for measuring the accuracy 
and precision of the method for samples with 
various matrices are not currently available. 
Data obtained for samples containing a sin­
gle asbestos tvpe in a simple matrix are 
available in the EPA report Bulk Sample 
Analysis for Asbestos Content: Evaluation of 
the Tentative Method.'' 

1.5 Apparatus 

1.5.1 Sample A na lysis 

A low-power binocular microscope, pref­
erably stereoscopic, is used to examine the 
bulk insulation sample as received. 
• Microscope: binocular, 10-45X (approxi­

mate). 
• Light Source: incandescent or fluorescent. 
• Forceps. Dissecting Needles, and Probes 
• Glassine Paper or Clean Glass Plate 

Compound niicroscope requirements: A po­
larized light microscope complete with po­
larizer, analyzer, port for wave retardatioj-i 
plate, 360° graduated rotat ing stage, substage 
condenser, lamp, and lamp iris. 
• Polarized Light Microscope: described above. 
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• Objective Lenses: IOX, 20X, and 40X or near 
equivalent. 

• Dispersion Staining Objective Lens (optional) 
• Ocu/ar Lens.-IOX minimum. 
• Eyepiece Reticle: cross hair or 25 point 

Chalkley Point Array. 
• Compensator Plate: 550 millimicron retarda­

tion. 

1.5.2 Sample Pre par a tion 

Sample preparation apparatus require­
ments will depend upon the type of insula­
tion sample under consideration. Various 
physical and/or chemical means may be em­
ployed for an adequate saniple assessment. 
• Ventilated Hood or negative pressure glove 

box. 
• Microscope Slides 
• Coverslips 
• Mortar and Pestle: agate or porcelain, (op­

tional) 
• Wylie Mill (optional) 
• Beakers and Assorted Glassware (optional) 
• Certrifuge (optional) 
• Filtration apparatus (optional) 
• Low temperature asher (optional) 

1.6 Reagents 

1.6.1 Sample Preparation 

• Distilled Water (optional) 
• Dilute CH3COOH: ACS reagent grade (op­

tional) 
• Dilute HCI: ACS reagent grade (optional) 
• Sodium metaphosphate (NaPO.Oe (optional) 

1.6.2 A nalytical Reagents 

Refractive Index Liquids: 1.490-1.570, 1.590-
1.720 in increments of 0.002 or 0.004. 
• Refractive Index Liquids for Dispersion Stain­

ing: high-dispersion series. 1.550, 1.605, 1.630 
(optional). 

• UICC Asbestos Reference Sample Set: Avail­
able from: UICC MRC Pneumoconiosis 
Unit, Llandough Hospital, Penarth, 
Glamorgan CF6 IXW, UK, and commercial 
distributors. 

• Tremolite-asbestos (source to be determined) 
• Actinolite-asbestos (source to be determined) 

1.7 Procedures 

NOTE: Exposure to airborne asbestos fibers 
is a health hazard. Bulk samples submitted 
for analysis are usually friable and may re­
lease fibers during handling or matrix reduc­
tion steps. All sample and slide preparations 
should be carried out in a ventilated hood or 
glove box with continuous airflow (negative 
pressure). Handling of samples without these 
precautions may result in exposure of the 
analyst and contarnination of san-iples by 
airborne fibers. 

1.7.1 Sampling 

Samples for analysis of asbestos content 
shall be taken in the manner prescribed in 

Reference 5 and information on design of 
sampling and analysis programs may be 
found in Reference 6. If there are any ques­
tions about the representative nature of the 
sample, another sample should be requested 
before proceeding with the analysis. 

1.7.2 Analysis 

1.7.2.1 Gross Examina tion 

Bulk samples of building materials taken 
for the identification and quanti tat ion of as­
bestos are first examined for homogeneity at 
low magnification with the aid of a 
stereomicroscope. The core sample may be 
examined in its container or carefully re­
moved from the container onto a glassine 
transfer paper or clean glass plate. If pos­
sible, note is made of the top and bottom ori­
entation. When discrete s t ra ta are identified, 
each is treated as a separate material so tha t 
fibers are first identified and quantified in 
tha t layer only, and then the results for each 
layer are combined to yield an est imate of 
asbestos content for the whole sample. 

1.7.2.2 Sample Preparation 

Bulk materials submitted for asbestos 
analysis involve a wide variety of matrix 
materials. Representative subsamples may 
not be readily obtainable by simple means in 
heterogeneous materials, and various steps 
may be required to alleviate the difficulties 
encountered. In most cases, however, the 
best preparation is made by using forceps to 
sample at several places from the bulk mate­
rial. Forcep samples are immersed in a re­
fractive index liquid on a microscope slide, 
teased apart, covered with a cover glass, and 
observed with the polarized light micro­
scope. 

Alternatively, a t tempts may be made to 
homogenize the sample or eliminate inter­
ferences before further characterization. The 
selection of appropriate procedures is de­
pendent upon the sarnples encountered and 
personal preference. The following are pre­
sented as possible sample preparation steps. 

A mortar and pestle can sometimes be used 
in the size reduction of soft or loosely bound 
materials though this may cause matt ing of 
some samples. Such samples n-iay be reduced 
in a Wylie mill. Apparatus should be clean 
and extreme care exercised to avoid cross-
contai-nination of samples. Periodic checks 
of the particle sizes should be made during 
the grinding operation so as to preserve any 
fiber bundles present in an identifiable form. 
These procedures are not recommended for 
samples that contain amphibole minerals or 
vermiculite. Grinding of amphiboles may re­
sult in the separation of fiber bundles or the 
production of cleavage fragments with as­
pect ratios greater than 3:1. Grinding of 
vermiculite may also produce fragments 
with aspect ratios greater than 3:1. 
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Acid t reatment may occasionally be re­
quired to eliniinate interferences. Calciui-n 
carbonate, gypsum, and bassanite (plaster) 
are frequentiy present in sprayed or 
trowelled insulations. These materials may 
be removed by treatment with warm dilute 
acetic acid. Warm dilute hydrochloric acid 
may also be used to remove the above mate­
rials. If acid t reatment is required, wash the 
sample at least twice with distilled water, 
being careful not to lose the particulates 
during decanting steps. Centrifugation or fil­
t rat ion of the suspension will prevent signifi­
cant fiber loss. The pore size of the filter 
should be 0.45 micron or less. Caution: pro­
longed acid contact with the sample may 
alter the optical characteristics of chrysotile 
fibers and should be avoided. 

Coatings and binding materials adhering to 
fiber surfaces may also be removed by treat­
ment with sodium metaphosphate. ' Add 10 
mL of lOg/L sodium metaphosphate solution 
to a small (0.1 to 0.5 mL) sample of bulk ma­
terial in a I5-mL glass centrifuge tube. For 
approximately 15 seconds each, stir the mix­
ture on a vortex mixer, place in an ultra­
sonic bath and then shake by hand. Repeat 
the series. Collect the dispersed solids by 
centrifugation at 1000 rpm for 5 minutes. 
Wash the sample three times by suspending 
in 10 mL distilled water and recentrifuging. 
After washing, resuspend the pellet in 5 mL 
distilled water, place a drop of the suspen­
sion on a microscope slide, and dry the slide 
at 110 °C. 

In samples with a large portion of cel-
lulosic or other organic fibers, it may be use­
ful to ash part of the sample and view the 
residue. Ashing should be performed in a low 
temperature asher. Ashing may also be per­
formed in a muffle furnace at temperatures 
of 500 °C or lower. Temperatures of 550 °C or 
higher will cause dehydroxylation of the as­
bestos minerals, resulting in changes of the 

refractive index and other key parameters. If 
a muffle furnace is to be used, the furnace 
thermostat should be checked and calibrated 
to ensure that samples will not be heated at 
temperatures greater than 550 °C, 

Ashing and acid t reatment of samples 
should not be used as standard procedures. In 
order to monitor possible changes in fiber 
characteristics, the material should be 
viewed microscopically before and after any 
sample preparation procedure. Use of these 
procedures on samples to be used for quan­
t i ta t ion requires a correction for percent 
weight loss. 

1.7.2.3 Fiber Identincation 

Positive identification of asbestos requires 
the determination of the following optical 
properties. 
• Morphology 
• Color and pleochroism 
• Refractive indices 
• Birefringence 
• Extinction characteristics 
• Sign of elongation 
Table l-I lists the above properties for com­
mercial asbestos fibers. Figure I-l presents a 
flow diagram of the examination procedure. 
Natural variations in the conditions under 
which deposits of asbestiform minerals are 
formed will occasionally produce exceptions 
to the published values and differences from 
the UICC standards. The sign of elongation is 
determined by use of the compensator plate 
and crossed polars. Refractive indices n-iay 
be determined by the Becke line test. Alter­
natively, dispersion staining may be used. 
Inexperienced operators may find tha t the 
dispersion staining technique is more easily 
learned, and should consult Reference 9 for 
guidance. Central stop dispersion staining 
colors are presented in Table 1-2. Available 
high-dispersion (HD) liquids should be used. 

TABLE 1-1—OPTICAL PROPERTIES OF ASBESTOC FIBERS 

Mineral 

Chrysotile 
(asbestiform 
serpentine). 

Amosile 
(asbestiform 
gmnerite). 

Crocidolite 
(asbestiform 
Riebeckite). 

Morpfiology, color'' 

Wavy fibers. Fiber bundles have 
splayed ends and "kinks". Aspect 
ratio typically >10:f. Colorless^, 
nonpleochroic. 

Straight, rigid fibers. Aspect ratio typi­
cally >10;f. Colorless to brown, 
nonpleochroic or weakly so. Opaque 
inclusions may be present. 

Straight, rigid fibers. Thick fibers and 
bundles common, blue to purple-
blue in color. Pleochroic. 
Birefringence is generally masked by 
blue color. 

Refrac- tive indices'' 

a 

t.493-f.560 

1.635-1.696 

1.654-1.701 

r 
1.517-

1.562' 
(nor­
mally 
1.556). 

1.655-
1.729' 
(nor­
mally 
1.696-
1.710. 

1.668-
1.7173e 
(nor­
mally 
close to 
1.700). 

Birefring­
ence 

.008 

.02O-.033 

.014-.016 

Extinction 

1 to fiber 
length. 

1 to fiber 
length. 

1 to fiber 
length. 

Sign of 
elonation 

-f 

(length 
slow) 

4 

(length 
slow) 

-
(length fast) 
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TABLE 1-1—OPTICAL PROPERTIES OF ASBESTOC FIBERS—Continued 

Mineral 

Anthophyllite-
asbestos. 

Tremolite-acttn-
otite-asbes-
tos. 

Morphology, color^ 

Straight fibers and acicular cleavage 
fragments.'* Some composile fibers. 
Aspect ratio <10:1. Colorless to light 
brown. 

Nonnally present as acicular or pris­
matic cleavage fragments." Single 
crystals predominate, aspect ratio 
<10:1. Colorless to pale green. 

Refrac- tive indices'' 

a 

1.596-1.652 

1.599-1.668 

7 

1.615-
1.676'. 

1.622-
1.688'. 

Birefring­
ence 

.019-.024 

.023-.020 

Extinction 

1 to fiber 
length. 

Oblique 
extinc­
tion, 10-
20° for 
frag­
ments. 
Com­
posite fi­
bers 
showl 
exfinc­
tion. 

Sign of 
elonation 

+ 
(length 
slow) 

+ 
(length 
slow) 

a From reference 5; colors cited are seen by observation with plane polarized light. 
^ From references 5 and 8. 
<̂  Fibers subjected to heating may be brownish. 
"^Fibers defined as having aspect ratio >3:1. 
"to fiber length. 
'|To fiber length. 
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TABLE 1-2—CENTRAL STOP DISPERSION 

STAINING COLORS* 

Mineral 

Chrysotile 

Amosite 

Anthophyllile 

Tremolite 
Actinolite 

Rl Liquid 

f.550"O 

1.680 

1.550MD 

1.700 

1.550"D 

1.605"° 

1.605Hf = 
1.605HD 

1.630™ = 

11 

Blue 

Blue-ma­
genta to 
pale blue. 

Yellow to 
white. 

Bed magenta 

Yellow to 
white. 

Blue 

Pale blue 
Gold-ma­

genta to 
blue. 

Magenta 

.11 

Blue-ma­
genta 

Golden-yel­
low 

Yellow to 
white 

Blue-ma­
genta 

Yellow to 
white 

Gold to gold-
magenta 

Gold 
Gold 

Golden-yel­
low 

^ From reference 9. 
.̂  Blue absorption color. 
= Oblique extinction view. 

1.7.2.4 Quantitation of Asbestos Content 

Asbestos quantitation is performed by a 
point-counting procedure or an equivalent 
estimation method. An ocular reticle (cross­
hair or point array) is used to visually super­
impose a point or points on the microscope 
field of view. Record the number of points 
positioned directly above each kind of par­
ticle or fiber of interest. Score only points 
directly over asbestos fibers or iionasbestos 
matrix material. Do not score empty points 
for the closest particle. If an asbestos fiber 
and a matr ix particle overlap so that a point 
is superimposed on their visual intersection, 
a point is scored for both categories. Point 
counting provides a determination of the 
area percent asbestos. Reliable conversion of 
area percent to percent of dry weight is not 
currently feasible unless the specific 
gravities and relative voluities of the mate­
rials are known. 

For the purpose of this method, "asbestos 
fibers" are defined as having an aspect ratio 
greater than 3:1 and being positively identi­
fied as one ofthe minerals in Table 1-1. 

A total of 400 points superiinposed on ei­
ther asbestos fibers or nonasbestos matrix 
material must be counted over at least eight 
different preparations of representative sub-
samples. Take eight forcep samples and 
mount each separately with the appropriate 
refractive index licjuid. Tlie preparation 
should not be heavily loaded. The sample 
should be uniformly dispersed ro avoid over­
lapping particles and allow 25-50 percent 
empty area within the fields of view. Count 
50 nonempty points on each preparation, 
using either 
• A cross-hair reticle anci mechanical stage: 

• A reticle with 25 points (Chalkley Point 
Array) and counting at least 2- randomly 
selected fields. 

For samples with mixtures of isotropic and 
anisotropic materials present, viewing the 
sample with slightly uncrossed polars or the 
addition of the compensator plate to the po­
larized light path will allow simultaneous 
discrimination of both particle types. Quan­
t i ta t ion should be performed at lOOX or at 
the lowest magnification of the polarized 
light microscope that can effectively distin­
guish the sample components. Confirmation 
of the quanti tat ion result by a second ana­
lyst on some percentage of analyzed samples 
should be used as standard quality control 
procedure. 

The percent asbestos is calculated as fol­
lows; 
% asbestos=(a/n) 100% 
where 
a=number of asbestos counts, 
n=number of nonempty points counted (400). 

If a=0, report "No asbestos detected." If 0< 
aS3. report "<\% asbestos". 

The value reported should be rounded to 
the nearest percent. 
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SECTION 2, X - R A Y POWDER D I F F R A C T I O N 

2.1 Pr inciple and App l i cab i l i t y 

The pr inc ip le of X-ray powder d i f f rac t ion 
(XRD) analysis is wel l establ ished. '^ Any 
sol id, c rys ta l l ine mater ia l w i l l d i f f ract an 
i inp ingent beam of paral le l , monochromat ic 
X-rays whenever Bragg's Law, 
X= 2d sin 0. 

is sat isf ied for a par t icu lar set of planes in 
the c rys ta l la t t i ce , where 
X. = the X- ray wavelength. A; 
d = the in terp lanar spacing of the set of re­

f lec t ing la t t ice planes. A; and 
9 = the angle of incidence between the X - ray 

beam and the ref lect ing la t t i ce planes. 
By appropr iate or ien ta t ion of a sample re l ­
a t i ve to the incident X-ray beam, a di f f rac­
t i on pa t te rn can be generated tha t , i n most 
cases, w i l l be uniquely character is t ic of both 
the chemical composi t ion and s t ruc ture of 
the c rys ta l l i ne phases present. 

Un l i ke opt ica l methods of analysis, how­
ever, XRD cannot determine crysta l mor­
phology. Therefore, in asbestos analysis, 
XRD does not d ist inguish between f ibrous 
and nonf ibrous forms of the serpentine and 
amphibole minerals (Table 2-1). However, 
when used in conjunct ion w i t h opt ica l meth­
ods such as polarized l igh t microscopy 
(PLM), XRD techniques can provide a re l i ­
able ana ly t i ca l method for the iden t i f i ca t ion 
and character izat ion of asbest i form minerals 
in bulk mater ia ls . 

TABLE 2-2—PRINCIPAL LATTICE SPACINGS OF ASBESTIFORM MINERALS ^ 

For qualitative analysis by XRD methods, 
samples are i n i t i a l l y scanned over l im i ted 
diagnostic peak regions for the serpentine 
(-7.4 A) and amphibole (8.2-8.5 A) minerals 
(Table 2-2). Standard slow-scanning methods 
for bu lk sample analysis may be used for ma­
ter ia ls shown by P L M to conta in s ign i f icant 
amounts of asbestos (>5-10 percent). Detec­
t i o n of m ino r or t race amounts of asbestos 
may require special sample preparat ion and 
step-scanning analysis. A l l samples t ha t ex­
h ib i t d i f f rac t ion peaks in the diagnost ic re­
gions for asbest i form minera ls are submi t ted 
to a f u l l (5°-60° 29; T ZB/min) qua l i t a t i ve XRD 
scan, and the i r d i f f rac t ion pat terns are com­
pared w i t h standard reference powder dif­
f rac t ion pat terns^ to ver i f y i n i t i a l peak as­
signments and to ident i fy possible m a t r i x 
interferences when subsequent quan t i t a t i ve 
analysis w i l l be performed. 

TABLE 2-1—THE ASBESTOS MINERALS AND 
THEIR NONASBESTIFORM ANALOGS 

Asbest i form 

SERPENTINE 

Chrysoti le 

AMPHIBOLE 

Anthophyl l i te asbestos 

Cummingtoni te-gruner i te 
asbestos ("Amosi te") 

Crocidolite 

Tremoli te asbestos 
Actinolite asbestos 

Nonasbest i form 

Antigori te, l izardite 

Anthophyl l i te 

Cummingtoni te-gruner i te 

Riebeckite 

Tremol i te 

Actinol i te 

Principal d-spacings (A) and relative inten­
sities JCPDS Powder diffraction file^ number 

7.37 
7.36|()() .. 
7 .10, „ „ .. 

B . 3 3 „ „ 
8.22 .. 

3 .05, „ „ 
3.05,™, .. 

2 .72, „ „ 
8.35 
e.38„K, 

2.706,, , , 
3.13 .. 

3.65,,, 
3.66,,, 
2.33„„ 

3.O67,, 
3.060,5 

3.24», 
8.33,,, 

2 .54„ , „ 
3.10.„ 
3.12,, , , 

3.14v5 
2.706™, 

4.575,, 
2 . 4 5 « 
3.55,,, 

2.756,,, 
3.25,,, 

8.2655 
3.233,, 

3.480,,, 
2.720,5 
2.705,, , 

8 .43 j „ 
8 .44 j „ 

21-543 ' -
2 5 - 6 4 5 
2 2 - 1 1 6 2 (theoretical) 
17 -745 (nonfibrous) 
2 7 - 1 1 7 0 (UICC) 
9 ^ 5 5 
16-401 (synthetic) 
2 5 - 1 5 7 
2 7 - 1 4 1 5 (UICC) 
I3 -4371 ' 
20 -1310 ' ' (synthetic) 
2 3 - 6 6 6 (synthetic mixture with richterite) 

Chrysotile 

"Amosite" .... 

Anthophyllite 

Anthophyllite 
Crocidolite ... 
Tremolite 

••This information is intended as a guide, only. Complete powder diffraction data, including mineral type and source, should be 
referred to. to ensure comparability of sample and reference materials where possible. Additional precision XRD data on 
amosite, crocidolite, tremolite, and chrysotile are available from the U.S. Bureaus of Mines.** 

''Fibrosity questionable. 

Accurate quantitetive analysis of asbestos 
in bu lk samples by XRD is c r i t i c a l l y depend-
enc on par t ic le size d i s t r i bu t ion , c rys ta l l i t e 
size, preferred or ien ta t ion and ma t r i x ab­
sorpt ion effects, and comparab i l i t y of stand­
ard reference and sample mater ia ls . The 
most intense d i f f ract ion peak tha t has been 
shown to be fi ee f rom interference by pr ior 

qua l i ta t i ve XRD analysis is selected for 
quan t i t a t i on of each asbest i form minera l . A 
" t h i n - l a y e r " method of analys is^ ' ' is rec­
ommended in wh ich , subsequent to commin­
u t ion of the bu lk mater ia l to -10 )jm by sui t ­
able cryogenic m i l l i n g techniques, an accu­
ra te ly known amount of the sarnple is depos­
i ted on a s i lver membrane f i l te r . The mass of 
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asbestiform material is determined by meas­
uring the integrated area of the selected dif­
fraction peak using a step-scanning mode, 
correcting for matrix absorption effects, and 
comparing with suitable calibration stand­
ards. Alternative "thick-layer" or bulk 
m e t h o d s , ' ' may be used for semiquantita­
tive analysis. 

This XRD method is applicable as a con­
firmatory method for identification and 
quant i ta t ion of asbestos in bulk material 
samples that have undergone prior analysis 
by PLM or other optical methods. 

2.2 Range and Sensitivity 

The range of the method has not been de­
termined. 

The sensitivity of the method has not been 
determined. It will be variable and depend­
ent upon many factors, including matrix ef­
fects (absoprtion and interferences), diag­
nostic reflections selected, and their relative 
intensities. 

2.3 Limitations 

2.3.1 Interferences 

Since the fibrous and nonfibrous forms of 
the serpentine and amphibole minerals 
(Table 2-1) are indistinguishable by XRD 
techniques unless special sample preparation 
techniques and instrumentation are used.'* 
the presence of nonasbestiform serpentines 
and amphiboles in a sample will pose severe 
interference problems in the identification 
and quanti tat ive analysis of their 
asbestiform atialogs. 

The use of XRD for identification and 
quant i ta t ion of asbestiform minerals in bulk 
samples may also be limited by the presence 
of other interfering materials in the sample. 
For natural ly occurring materials the com­
monly associated asbestos-related mineral 
interferences can usually be anticipated. 
However, for fabricated materials the nature 
of the interferences may vary greatly (Table 
2-3) and present more serious problems in 
identification and quantitation. '" Potential 
interferences are summarized in Table 2-4 
and include the following: 
• Chlorite has major peaks at 7.19 A and 3.58 

A That interfere with both the primary 
(7.36 A) and secondary (3.66 A) peaks for 
chrysotile. Resolution of the primary peak 
to give good quatititative results may be 
possible when a step-scanning mode of op­
eration is employed. 

• Halloysite has a peak at 3.63 A ^that inter­
feres with the secondary (3,66 A) peak for 
chrysotile. 

• Kaolinite has a major peak at 7.15 A that 
may interfere with the priniary peak of 
chrysotile at 7.36 A when present at con­
centrat ions of >I0 percent. However, che 
secondary chrysotile peak at 3.66 A may be 
used for quantitcttioti. 

• Gypsum has a major peak at 7.5 A that 
overlaps the 7.36 A peak of chrj'sotile when 
present as a major sample consti tuent. 
This may be removed by careful washing 
with distilled water, or be heating to 300 °C 
to convert gypsum to plaster of paris. 

• Cellulose has a broad peak tha t partially 
overlaps che secondary (3.66 A) chrysotile 
peak.* 

• Overlap of major diagnostic peaks of the 
amphibole asbestos minerals, amosite, 
anthophyllite, crocidolite, and tremolite, 
at approximately 8.3 A and 3.1 A causes 
mutual interference when these minerals 
occur in the presence of one another. In 
some instances, adquate resolution may be 
attained by using step-scanning methods 
and/or by decreasing the collimator slit 
widch at the X-ray port. 

TABLE 2-3—COMMON CONSTITUENTS IN 
INSULATION AND WALL MATERIALS 

A. Insulation materials 
Chrysotile 
"Amosite" 
Crocidolite 
•Rock wool 
*Slag wool 
*Fiber glass 
Gypsum (CaSOj • 2H2O) 
Vermiculite (micas) 
*Perlite 
Clays (kaolin) 
*Wood pulp 
*Paper fibers (talc, clay, carbonate fillers) 
Calcium silicates (synthetic) 
Opaques (chromite, magneti te inclusions 

in serpentine) 
Hematite (inclusions in "amosite") 
Magnesite 
*Diatomaceous earth 

B. Spray finishes or paints 
Bassanite 
Carbonate minerals (calcite, dolomite, 

vaterite) 
Talc 
Tremolite 
Anthophyllite 
Serpentine (including chrysotile) 
Amosite 
Crocidolite 
•Mineral wool 
•Rock wool 
•Slag wool 
•Fiber glass 
Clays (kaol in) 
Micas 
Chlorite 
Gypsum (CaSO^ • 2HjO) 
Quartz 
•Organic binders and thickeners 
Hyrdomagnesite 
Wol las ton i te 
Opaques (chromite. magnetite inclusions 

in set pencine) 
Hematite (inclusions in "amosite") 
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•Atnorphous mater ia ls cont r ibute only 
to overal l scattered rad ia t ion and increased 
background rad ia t ion . 

TABLE 2-4—INTERFERENCES IN XRD ANALYSIS 
ASBESTIFORM MINERALS 

Asbestiform min­
eral 

Serpentine 
Chrysotile 

Amphibole 
"Amosite" 1 
Anthophyllite f 
Crocidolite J 
Tremolite 

Primary 
diag­
nostic 
peaks 

(approxi­
mate d-

spacings, 
inA) 

7.4 

3.7 

3.1 

8.3 

Interference 

Nonasbestifonn serpentines 
(antigorite, lizardite) 

Chlorite 
Kaolinite 
Gypsum 
Chlorite 
Halloysite 
Cellulose 

Nonasbestilorm amphiboles 
(cummingtonite-grunerite. 
anthophyllite, riebeckite. 
tremolite) 

[Mutual interferences 
Carbonates 
Talc 
Mutual interferences 

• Carbonates may also inter fere w i t h quan­
t i t a t i v e analysis of the amphibole asbestos 
minerals, amosite, an thophy l l i te , crocid­
o l i te , and t remo l i te . Calc iu in carbonate 
(CaCOj) has a peak at 3.035 A tha t overlaps 
major amphibole peaks at approximate ly 
3.1 A when present in concentrat ions of >5 
percent. Removal of carbonates w i t h a d i ­
lu te acid wash is possible; however, i f 
present, chrysot i le may be par t ia l l y dis­
solved by Chis t r e a t m e n t . " 

• A major talc peak at 3.12 A interferes w i t h 
the p r imary t remo l i t e peak at th is same 
posi t ion and w i t h secondary peaks_ of cro­
c ido l i te (3.10 A), amosite (3.06 A), and 
an thophy l l i t e (3.05 A). In the presence of 
ta lc , the major diagnost ic peak at approxi­
mate ly 8.3 A should be used for quant i ta ­
t i on of these asbest i form minerals. 
The problem of intraspecies and m a t r i x 

interferences is fu r ther aggravated by the 
v a r i a b i l i t y of the s i l ica te minera l powder 
d i f f rac t ion paccerns chemselves, which often 
makes def in i t i ve ident i f i ca t ion of the asbes­
tos minerals by comparison w i t h standard 
reference di f f i accion paCCerns d i f f i cu l t . This 
va r i ab i l i t y resulcs f rom a l terat ions in the 
crys ta l latcice associaCed wiCh differences in 
isomorphous subst icut ion and degree of crys-
Call inicy. Th is is especial ly t rue for the 
amphiboles. These minerals exhib i t a wide 
v a i i e t y of very s im i la r chemical composi­
t ions, wich the resu l l being that the i r dif­
f rac t ion pat terns are chraccerized by having 
major (IIO) ref lect ions of the monocl in ic 

amphiboles and (210) ref lect ions of the 
o r thorhombic an thophy l l i t e separated by 
less than 0.2 A.'^ 

2.3.2 Mat r ix Effects 

I f a copper X - ray source is used, the pres­
ence of i ron at h igh concentrat ions in a sam­
ple w i l l resul t in s ign i f i cant X-ray fluores­
cence, leading to loss of peak in tens i ty along 
w i t h increased background in tens i ty and an 
overa l l decrease in sens i t i v i ty . Th is s i tua­
t i o n may be corrected by choosing an X- ray 
source other than copper; however, th i s is 
of ten accompanied both by loss of in tens i ty 
and by decreased reso lu t ion of closely spaced 
ref lect ions. A l t e rna t i ve l y , use of a d i f f racted 
beam monochromator w i l l reduce back­
ground f luorescent rad i ta t i on , enabl ing 
weaker d i f f rac t ion peaks to be detected. 

X- ray absorpt ion by the sample m a t r i x w i l l 
resul t in overa l l a t tenua t ion of the dif­
f racted beam and may seriously inter fere 
w i t h quan t i t a t i ve analysis. Absorpt ion ef­
fects may be m in im ized by using su f f i c ien t ly 
" t h i n " samples for analysis.^ " ''' How­
ever, unless absorpt ion effects are known to 
be the same for bo th samples and standards, 
appropr iate correct ions should be made by 
referencing diagnost ic peak areas to an in ­
te rna l s t a n d a r d ' * or f i l t e r substrate (Ag) 
peak.^" 

2.3.3 Particle Size Dependence 

Because the i n tens i t y of d i f f racted X-rad i -
a t ion is part ic le-size dependent, i t is essen­
t i a l for accurate quan t i t a t i ve analysis t ha t 
both sample and standard reference mate­
r ia ls have s im i l a r par t ic le size d is t r ibu t ions . 
The o p t i m u m par t i c le size range for quan­
t i t a t i v e analysis of asbestos by XRD has 
been reported to be 1 to 10 n m.'^ Com­
pa rab i l i t y of sample and standard reference 
ma te r i a l par t ic le size d is t r ibu t ions should be 
ver i f ied by opt ica l microscopy (or another 
sui table method) pr io r to analysis. 

2.3.4 Preferred Orientation Effects 

Preferred o r i en ta t i on of asbest i fo im m in ­
erals du r ing saniple preparat ion of ten poses 
a serious problem in quan t i t a t i ve analysis by 
XRD. A number of techniques have been de­
veloped for reducing preferred or iencat iot i ef­
fects in " t h i c k layer " s a m p l e s . " ' ^ 
However, for " t h i n " samples on membrane 
f i l te rs , the preferred o r ien ta t ion effects seem 
Co be boch reproducible and favorable to en­
hancement of Che pr inc ipa l diagnoscic reflec-
Cions of asbestos minera ls , ac tua l l y increas­
ing the overal l sens i t i v i t y of the meth ­
od ''•̂  '•• (Furcher invest igat ion in to pre­
ferred or iencat ion effects in boch chin layer 
and bLtlk samples is required.) 
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2.3.5 Lack o f Suitably Characterized Standard 
Materials 

The problem of obcaining and character­
iz ing sui table reference mater ia ls for asbes­
tos analysis is c lear ly recognized. NIOSH has 
recent ly direcced a major research effort to­
ward the preparat ion and character izat ion of 
ana l y t i ca l reference mater ia ls , inc lud ing as­
bestos standards; ">''' however, these are not 
avai lable in large quant i t ies for rou t ine 
analysis. 

I n add i t ion , the problem of ensuring the 
comparab i l i t y of standard reference and 
sample mater ia ls , par t i cu la r l y regarding 
c r ys ta l l i t e size, part ic le size disCribut ion. 
and degree of c r ys ta l l i n i t y , has yet to be 
adequately addressed. For example, Langer 
et a l . " have observed that in insu la t ing mat­
r ices, chrysot i le tends to break open inco 
bundles more frequencly than amphiboles. 
Th is resul ts in a l ine-broadening effect w i t h 
a resu l tan t decrease in sens i t iv i ty . Unless 
th i s effect is the same for both standard and 
sample mater ia ls , the amount of chrysot i le 
in Che sample w i l l be underest imated by 
XRD analysis. To min imize th is problem, i t 
is recommended tha t standardized ma t r i x re­
duc t i on procedures be used for both sample 
and standard mater ia ls . 

2.4 Precision and Accuracy 

Precis ion of the method has not been de­
te rmined. 

Accuracy of the method has not been de­
te rmined . 

2.5 Apparatus 

2.5.1 Sample Preparation 

Sample preparat ion apparatus require­
ments w i l l depend upon the sample type 
under considerat ion and che k i nd of XRD 
analysis to be performed. 
• Mor tar and Pestle: Agate or porcelain. 
• Razor Blades 
• Sample M i l l : SPEX, Inc., freezer m i l l or 

equivalent . 
• Bu lk Sample Holders 
• Silver Membrane Filters: 25-mm diameter. 

0.45-ti m pore size. Selas Corp. of Amer ica. 
F lo t ron ics Div., 1957 Pioneer Road, Hun­
t i n g t o n Val ley. PA 19006. 

• Microscope Slides 
• Vacuum Fi l t rat ion Apparatus: Gelman No. 

1107 or equivalent, and side-arm vacuum 
nask. 

• Microbalance 
• Ultrasonic Bath or Probe: Model W140, 

Ul t rasonics, Inc.. operated at a power den­
s i t y of approx imate ly 0.1 W/mL. or equiva­
lent . 

• Volumetric Flasks: I-L volume. 
• Assorted Pipettes 
• Pipette Bulb 
• Nonserrated Forceps 
• Polyethylene Wash Bottle 

• Pyrex Beakers: 50-mL volume. 
• Desiccator 
• Fi l ter Storage Cassettes 
• Magnetic St irr ing Plate and Bars 
• Porcelain Crucibles 
• Muff le Furnace or Low Temperature Asher 

2.b.l Sample Analysis 

Sample analysis requi rements include an 
X-ray d i f f rac t ion un i t , equipped w i t h : 
• Constant Potential Generator; Voltage and 

mA Stabilizers 
• Automated Diffractometer wi th Step-Scanning 

Mode 
' Copper Target X-Ray Tube: H igh in tens i ty , 

f ine focus, preferably. 
• X-Ray Pulse Height Selector 
• X-Ray Detector (w i t h h igh vo l tage power 

supply): S c i n t i l l a t i o n or p ropor t iona l 
counter. 

• Focusing Graphite Crystal Monochromator; or 
Nickel Fi l ter ( i f copper source is used, and 
i ron fluorescence is not a serious prob­
lem). 

• Data Output Accessories: 
• Strip Chart Recorder 
• Decade Sealer/Timer 
• Dig i ta l Printer 

• 5amp/e 5p;nner (optional). 
• Instrument Calibration Reference Specimen: 

a-quartz reference c rys ta l (Arkansas 
quartz standard, #180-147-00, Ph i l i ps Elec­
t ron ics Ins t ruments , Inc., 85 McKee Dr ive. 
Mahwah. NJ 07430) or equivalent . 

2.6 Reagents 

2.6.1 Standard Reference Materials 

The reference mater ia ls l is ted below are 
intended Co serve as a guide. Every a t t emp t 
should be made to acquire pure reference 
mater ia ls tha t are comparable to saniple ma­
ter ia ls being analyzed. 
• Chrysotile: UICC Canadian, or NIEHS 

PlastibesC. (UICC reference mater ia ls 
avai lable f r om: UICC, MRC Pneumo­
coniosis Un i t , L landough Hospi ta l , 
Penarch. Glamorgan. CF61XW, UK). 

• Crocidolite: UICC 
• Amosite: UICC 
• Anthophyl l i te: UICC 
• Tremolite Asbestos: Wards NaCural Science 

EsCablishmenC, Rochester, N.Y.: Cyprus 
Research Standard. Cyprus Research. 2435 
M i l i t a r y Ave.. Los Angeles. CA 90064 
(washed w i t h d i l u te HCI to remove smal l 
amounc of calcice i m p u r i t y ) ; India 
Crejnolite, Rajasthan State. India. 

• .Actinolite Asbestos 

2.6.2 Adhesive 

Tape, pet ro leum j e l l y , etc. (for a t tach ing 
si lver inembrane f i l t e rs to sample holders). 
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2.6.3 Surfac tant 

1 p e r c e n t aerosol OT aqueous s o l u t i o n or 
e q u i v a l e n t . 

2.6.4 Isopropanol 

ACS R e a g e n t Grade . 

2.7 P r o c e d u r e 

2.7.1 Sampling 

S a m p l e s for a n a l y s i s of a sbes tos c o n t e n t 
s h a l l be co l l ec t ed as specified in E P A Guid­
a n c e D o c u m e n t #C0090, Asbestos-Containing 
Mate r i a l s in School Buildings.^° 

2.7.2 Analysis 

All s a m p l e s musc be ana lyzed i n i t i a l l y for 
a s b e s t o s c o n t e n t by PLM. XRD shou ld be 
used a s an a u x i l i a r y m e t h o d when a second, 
i n d e p e n d e n t a n a l y s i s is r eques t ed . 

N O T E : A s b e s t o s is a tox ic s u b s t a n c e . All 
h a n d l i n g of d r y m a t e r i a l s shou ld be per­
fo rmed in a n o p e r a t i n g fume hood. 

2.7.2.1 Sample Prepara t ion 

T h e m e t h o d of s a m p l e p r e p a r a t i o n r e q u i r e d 
for X R D a n a l y s i s wil l depend on: (1). T h e con­
d i t i o n of t h e s a m p l e rece ived ( sample size, 
h o m o g e n e i t y , p a r t i c l e size d i s t r i b u t i o n , and 
o v e r a l l c o m p o s i t i o n as d e t e r m i n e d by P L M ) ; 
and (2) t h e t y p e of XRD a n a l y s i s t o be per­
fo rmed ( q u a l i t a t i v e , q u a n t i t a t i v e , t h i n l a y e r 
o r b u l k ) . 

B u l k m a t e r i a l s a r e u s u a l l y rece ived as 
i n h o m o g e n e o u s m i x t u r e s of complex com­
p o s i t i o n w i t h ve ry wide p a r t i c l e size dis­
t r i b u t i o n s . P r e p a r a t i o n of a h o m o g e n e o u s , 
r e p r e s e n t a t i v e s a m p l e from asbes tos -con­
t a i n i n g m a t e r i a l s is p a r t i c u l a r l y di f f icul t be­
c a u s e t h e f ibrous n a t u r e of t h e a s b e s t o s min ­
e r a l s i n h i b i t s m e c h a n i c a l m i x i n g and s t i r ­
r i ng , a n d because m i l l i n g p r o c e d u r e s m a y 
c a u s e a d v e r s e l a t t i c e a l t e r a t i o n s . 

A d i s c u s s i o n of specif ic m a t r i x r e d u c t i o n 
p r o c e d u r e s is g iven below. C o m p l e t e m e t h o d s 
of s a i n p l e p r e p a r a t i o n a r e d e t a i l e d in Sec ­
t i o n s 2.7.2.2 and 2.7.2.3. 

NOTE: All s a m p l e s shou ld be e x a m i n e d m i ­
c r o s c o p i c a l l y before and a f te r each m a t r i x 
r e d u c t i o n s t e p Co moniCor c h a n g e s in s a m p l e 
p a r c i c l e s ize, compos ic ion , and c r y s t a l l i n i c y , 
and Co e n s u r e s a m p l e r e p r e s e n c a t i v e n e s s and 
h o m o g e n e i t y for a n a l y s i s . 

2.7.2.1.1 Milling— Mechan ica l m i l l i n g of 
a s b e s t o s m a t e r i a l s has been shown t o de­
c r e a s e fiber c r y s t a l l i n i t y . w i t h a r e s u l t a n t 
d e c r e a s e in d i f f rac t ion i n t e n s i t y o f t h e speci ­
m e n ; t h e degi~ee of l a t t i c e a l t e r a t i o n is re­
l a t ed t o che d u r a t i o n and Cype of m i l l i n g 
p roces s . ''^' 
shori ld be kepc Co a m i n i m u m . 

F o r qual i ta t ive analysis , parc ic le size is noc 
usua l ly ' of c i i t i c a l i m p o r t a n c e and i n i t i a l 
c h a r a c t e i izacion of Che mace r i a l w i t h a min­
i m u m of m a t r i x r e d u c t i o n is of ten d e s i r a b l e 
t o d o c u m e n t t h e compos ic ion of t h e s a m p l e 

= -- There fo re , al l m i l l i n g Cimes 

as rece ived . B u l k s a m p l e s of ve ry l a rge par­
cicle s ize (>2-3 m m ) s h o u l d be c o m m i n u c e d 
Co -100 pm. A m o r t a r and pe s t l e can some­
t i m e s be used iti size r e d u c t i o n of soft or 
loose ly bound m a t e r i a l s t h o u g h t h i s m a y 
c a u s e m a t t i n g of s o m e s a m p l e s . S u c h s a m ­
ples m a y be reduced b y c u t t i n g w i t h a r azo r 
b l ade in a m o r t a r , o r b j ' g r i n d i n g in a su i t ­
ab l e mi l l (e.g., a m i c r o h a m m e r mi l l o r equiv­
a l e n t ) . When us ing a m o r t a r for g r i n d i n g or 
c u t t i n g , Che s a m p l e s h o u l d be m o i s t e n e d 
w i t h e t h a n o l , o r s o m e o t h e r s u i t a b l e w e t t i n g 
a g e n t , t o m i n i m i z e exposu res . 

F o r a c c u r a t e , r e p r o d u c i b l e quan t i t a t ive 
analys is , t h e p a r t i c l e s ize of b o t h s a m p l e and 
s t a n d a r d m a t e r i a l s shou ld be r e d u c e d t o -10 
|ini (see S e c t i o n 2.3.3). D r y ba l l m i l t i n g a t liq­
uid n i t r o g e n t e m p e r a t u r e s (e.g.. Spex F r e e z e r 
Mi l l , o r e q u i v a l e n t ) for a m a x i m u m Cime of 
10 m i n . is r e c o m m e n d e d t o o b t a i n s a t i s f ac ­
t o r y p a r t i c l e size d i s t r i b u t i o n s wh i l e p ro­
t e c t i n g t h e i n t e g r i t y of t h e c r y s t a l l a t t i c e . ^ 
B u l k s a m p l e s of v e r y l a r g e p a r t i c l e s ize m a y 
r e q u i r e g r i n d i n g in t w o s t a g e s for full m a t r i x 
r e d u c t i o n t o <10 (im. *. 'f 

F i n a l p a r t i c l e size d i s t r i b u t i o n s s h o u l d a l ­
w a y s be verif ied by o p t i c a l m i c r o s c o p y or an­
o t h e r s u i t a b l e m e t h o d . 

2.7.2.1.2 Low temperature ashing— F o r ma­
t e r i a l s shown by P L M to c o n t a i n l a r g e 
a m o u n t s of g y p s u m , ce l lu los i c , o r o t h e r or­
g a n i c m a t e r i a l s , i t m a y be d e s i r a b l e t o a s h 
t h e s a m p l e s p r i o r t o a n a l y s i s t o r e d u c e back­
g r o u n d r a d i a t i o n or m a t r i x i n t e r f e r e n c e . 
S i n c e c h r y s o t i l e u n d e r g o e s d e h y d r o x y l a t i o n 
a t t e m p e r a t u r e s b e t w e e n 550 °C and and 650 
°C, w i t h s u b s e q u e n t t r a n s f o r m a t i o n t o 
forster i te ,23. 24 a s h i n g t e m p e r a t u r e s s h o u l d 
be kepc below 500 °C. Use of a low t e m p e r a ­
t u r e a s h e r is r e c o m m e n d e d . In a l l ca ses , ca l i ­
b r a t i o n of t h e oven is e s s e n t i a l Co e n s u r e 
t h a t a m a x i m u m a s h i n g t e m p e r a t u r e of 500 
°C is n o t exceeded. 

2.7.2.1.3 Acid leaching—Because of t h e in­
t e r f e r e n c e caused by g y p s u m and s o m e ca r ­
b o n a t e s in t h e d e t e c t i o n of a s b e s t i f o r m m i n ­
e r a l s by X R D (see S e c t i o n 2.3.1), i t m a y be 
n e c e s s a r y t o r e m o v e t h e s e i n t e r f e r e n t s by a 
s i m p l e ac id l e a c h i n g p r o c e d u r e p r i o r t o a n a l ­
y s i s (see S e c t i o n 1.7.2.2). 

2.7.2.2 Qualitative Analysis 

2.7.2.2.1 Ini t ia l screening of bulk mater ial— 
Q u a l i t a t i v e a n a l y s i s shou ld be per for rhed on 
a r e p r e s e n t a t i v e , h o m o g e n e o u s p o r t i o n o f t h e 
saji iple w i t h a m i n i m u m of s a m p l e t r e a t ­
m e n t . 

1. Gr ind and m i x Che sarnple w i t h a m o r t a r 
and pescle (or e q u i v a l e n c m e t h o d , see Sec­
Cion 2.7.2.1.1) t o a final p a r t i c l e s ize suffi­
c i e n t l y s m a l l (-100 ^m) Co a l low a d e q u a t e 
p a c k i n g i n t o t h e s a m p l e l ioldei . 

2. P a c k che s a m p l e inco a s t a n d a r d b u l k 
sa rnp le ho lde r . Care s h o u l d be c a k e n Co en­
s u r e cha t a r e p r e s e n t a t i v e p o r t i o n of t h e 
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milled sample is selecced for analysis. Par­
ticular care should be taken to avoid pos­
sible size segregation of the sample. (Note: 
Use of a back-packing method ŝ of bulk sam­
ple preparation may reduce preferred ori­
entation effects.) 

3. Mount the sample on the diffiactometer 
and scan over the diagnostic peak regions for 
the serpentine (-67.4 A) and amphibole (8.2-
8.5 A) minerals (see Table 2-2). The X-ray dif­
fraction equipment should be optimized for 
intensity. A slow scanning speed of 1° 26/min 
is recommended for adequate resolution. Use 
of a sample spinner is recommended. 

4. Submit all samples that exhibic diffrac­
tion peaks in the diagnoscic regions for 
asbestiform minerals to a full qualitative 
XRD scan (5°-60° 29; l°2e/min) to verify initial 
peak assignments and to identify potential 
matr ix interferences when subsequent quan­
t i ta t ive analysis is Co be performed. 

5. Compare the sample XRD pattern with 
standard reference powder diffraction pat­
terns (i.e., JCPDS powder diffraction data^ 
or those of other well-characterized ref­
erence materials). Principal lattice spacings 
of asbestiform minerals are given in Table 2-
2; common constituents of bulk insulation 
and wall materials are listed in Table 2-3. 

2.7.2.2.2 Detection of minor or trace constitu­
ents— Routine screening of bulk materials 
by XRD may fail to detect small concentra­
tions (<5 percetit) of asbestos. The limits of 
detection will, in general, be improved if ma­
trix absorption effects are minimized, and if 
the sample particle size is reduced to the op­
timal I CO 10 pm range, provided that the 
crystal lattice is not degraded in che milling 
process. Therefore, in Chose insCances where 
confirmation of the presence of an 
asbestiform mineral at very low levels is re­
quired, or where a negative resulc from ini­
tial screening of the bulk material by XRD 
(see Section 2.7.2.2.1) is iti conflict with pre­
vious PLM results, it may be desirable to 
prepare the sample as described for quan­
t i tat ive analysis (see Section 2.7.2.3) atid 
step-scan over appropriate 29 ranges of se­
lected diagnostic peaks (Table 2-2). Accurate 
transfer of the sample to Che silver mem­
brane filcer is not necessaiy unless subse­
quent quanti tat ive analysis is to be per­
formed. 

2.7.2.3 Quantitative Analysis 

The proposed method for quantitation of 
asbestos in bulk samples is a modification of 
the NlOSH-recomrnended thin-layer method 
for chrysotile in air.^ A chick-layer or bulk 
mechod involving pellecizing che sample may 
be used for semiquantitative analysis; '« 
however, this method requires the addition 
of an internal standard, use of a specially 
fabricated sample press, and relatively large 
amouncs of standard reference materials. Ad­
ditional leseaich is tequired Co evaluace Che 

comparability of thin- and thick-layer meth­
ods for qciantitative asbestos analysis. 

For quanti tat ive analysis by thin-layer 
methods, the following procedure is rec­
ommended: 

1. Mill and size all or a substantial rep­
resentative portion of the sample as outlined 
in Section 2.7.2.1.1. 

2. Dry ac 100 °C for 2 hr; cool in a desic­
cator. 

3. Weigh accurately to the nearest 0.01 mg. 
4. Samples shown by PLM to contain large 

announts of cellulosic or other organic mate­
rials, gypsum, or carbonates, should be sub­
mitted to appropriate matrix reduction pro­
cedures described in Sections 2.7.2.1.2 and 
2.7.2.1.3. Afcer ashing and/or acid t reatment , 
repeat the drying and weighing procedures 
described above, and determine the percenc 
weight loss; L. 

5. Quantitatively transfer an accurately 
weighed amount (50-100 mg) of the sample to 
a 1-L volumetric flask with approximately 
200 mL isopropanol to which 3 to 4 drops of 
surfactant have been added. 

6. Ultrasonicate for 10 min at a power den­
sity of approximately 0.1 W/mL, to disperse 
the sample material . 

7. Dilute to volume with isopropanol. 
8. Place flask on a magnetic st irr ing plate. 

Stir. 
9. Place a silver membrane filter on the fil­

t ra t ion apparatus, apply a vacuum, and at­
tach the reservoir. Release the vacuum and 
add several milliliters of isopropanol to the 
reservoir. Vigorously hand shake the asbes­
tos suspension and immediately withdraw an 
aliquot from the center of the suspension so 
tha t total sample weight, WT, on the filter 
will be approximately 1 mg. Do not adjust 
the volume in the pipet by expelling part of 
the suspension; if more than the desired ali­
quot is withdrawn, discard the aliquot and 
resume the procedure with a clean pipet. 
Transfer the aliquot to the reservoir. Filter 
rapidly under vacuum. Do not wash the res­
ervoir walls. Leave the filter apparatus 
under vacuum until dry. Remove the res­
ervoir, release the vacuum, and remove the 
filter with forceps. (Note: Water-soluble ma­
trix interferences such as gypsum may be re-
nnoved at this t ime by careful washing of the 
filtrate with distilled water. Extreme care 
should be taken not to disturb the sample.) 

10. Attach the filter to a flat holder wich a 
suitable adhesive and place on the diffrac­
tometer. Use of a sample spinner is rec 
ommendecl. 

11. For each asbestos mineral Co be 
quancicated select a i^eflection (or reflec­
tions) thac has been shown to be free from 
interferences by prior PLM or qualitative 
XRD analysis and that can be used unambig­
uously as an index of tlie amounc of tiiaterial 
present in Che sample (see Table 2-2). 

12. Analyze the selected diagnostic reflec-
Cion(s) by sCep scanning in increments of 
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0.02° 26 for an appropriaCe fixed time and in­
tegrating che councs. (A fixed count scan 
may be used alternatively; however, the 
method chosen should be used consistently 
for all samples and standards.) An appro­
priate scanning interval should be selected 
for each peak, and background corrections 
made. For a fixed time scan, measure the 
background on each side of the peak for one-
half the peak-scanning time. The net inten­
sity, 1„. is the difference between the peak in­
tegrated count and the total background 
count. 

13. Detiermine the net count, Uj, of the fil­
ter 2.36 A silver peak following the procedure 
in step 12. Remove the filter from the holder, 
reverse it, and reattach it to the holder. De­
termine the net count for the unattenuated 
silver peak, Uj. Scan times may be less for 
measurement of silver peaks than for sample 
peaks; however, they should be constant 
throughout the analysis. 

14. Normalize all raw, net intensities (to 
correct for instrument instabilities) by ref­
erencing them to an external standard (e.g., 
the 3.34 A peak of an a-quartz reference crys­
tal). After each unknown is scanned, deter­
mine che net count, 1,\ of the reference speci­
men following the procedure in step 12. De­
termine the tiormalized inCensities by divid­
ing the peak intensities by I;-

'l = ^ i 
' a JO • ^Ag 

r 

h. 
- ' ^ ^Ag = ^ 

K 
2.8 Calibration 

2.8.1 Preparation of Calibration Standards 

1. Mill and size standard asbestos materials 
according to the procedure outlined in Sec­
tion 2.7.2.1.1. Equivalent, standardized matrix 
reduction and sizing techniques should be used 
for both standard and sample materials. 

2. Dry at 100 °C for 2 hr; cool in a desic­
cator. 

3. Prepare tvvo suspensions of each stand­
ard in isopropanol by weighing approxi­
mately 10 and 50 mg of the dry material to 
the nearest 0 01 mg. Quantitatively transfer 
each to a 1-L volutiietric flask with approxi­
mately 200 niL isopropanol to which a few 
drops of surfaccanc have been added. 

4. Ultrasonicace for 10 min aC a power den­
sity of approximately O.l W/mL,.to disperse 
the asbestos material. 

5. Dilute to volume with isopropanol. 
6. Place the flask on a magnetic stirring 

plate. Stir. 
7. Prepare, in triplicace, a series of aC lease 

five standard filcejs Co cover the desired ana­
lytical range, using appropriate aliquots of 

the 10 and 50 mg/L suspensions and Che fol­
lowing procedure. 

Mount a silver membrane filter on the fil­
tration apparatus. Place a few milliliteis of 
isopropanol in the reservoir. Vigorously 
hand shake the asbestos suspension and im­
mediately withdraw an aliquot from the cen­
ter of the suspension. Do not adjust the vol­
ume in the pipet by expelling part of the sus­
pension; if more than the desired aliquot is 
withdrawn, discard the aliquot and resume 
the procedure with a clean pipet. Transfer 
the aliquot to Che reservoir. Keep che tip of 
che pipeC near the surface of the isopropanol. 
Filter rapidly under vacuum. Do not wash 
the sides of the reservoir. Leave the vacuum 
on for a time sufficient to dry the filter. Re­
lease the vacuum and remove the filter with 
forceps. 

2.8.2 Analysis of Calibration Standards 

1. Mount each filter on a flat holder. Per­
form step scans on selected diagnostic reflec­
tions of the standards and reference speci­
men using the procedure outlined in Section 
2.7.2.3, step 12, and the same conditions as 
those used for the samples. 

2. Determine the normalized intensity for 
each peak measured, i;ij. as outlined in Sec­
tion 2.7.2.3, step 14. 

2.9 Calculations 

For each asbestos reference material, cal­
culate the exact weight deposited on each 
scandard filcer from the concentrations of 
the standard suspensions and aliquot vol­
umes. Record the weight, w, of each scand­
ard. Prepare a calibration curve by regress­
ing i2;,j on w. Poor reproducibility (±15 per­
cent RSD) at any given level indicates prob­
lems in the sample preparation technique, 
and a need for new standards. The data 
should fit a straight line equation. 

Determine the slope, m, of the calibration 
curve in counts/microgram. The intercept, b. 
of the line with the Ism axis should be ap­
proximately zero. A large negative intercept 
indicates an error in determining the back­
ground. This may arise from incorrectly 
measuring the baseline or frotn interference 
by another phase ac che angle of background 
measuremenC. A large posicive incercepc in­
dicates an error in determitiing the baseline 
or that an impurity is included in the meas­
ured peak. 

Using the normalized intensity. I.AJ;. for che 
actenuaced silver peak of a sample, and the 
corresponding normalized incensicy fiom che 
unatcenuaced silver peak, IAS, "̂ f ''"'^ sample 
filter, calculate the Cransrniccance. T. for 
each sample as follows:'''' "' 
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I 
T = M 

1° 
Determine the correction factor, f(T), for 

each sample according to the formula: 
-R (In T) 

1(T) = 
l-TR 

where 
sin 0AE 

R= 
sin 0 j 

9AE=angular position of the measured silver 
peak (from Bragg's Law), and 

9a=angular position of the diagnostic asbes­
tos peak. 

Calculate the weight, W„, in micrograms, 
of the asbestos material analyzed for in each 
sample, using the appropriate calibration 
data and absorption corrections: 

w = - 5 
I,f(t) - b 

ID 
Calculate the percent composition. Pa, of 

each asbe!stos mineral analyzed for in the 
parent material, from the total sample 
weight, WT. on the filter; 

W,(1-.01L) 
P„ , — X 100 

WT 

where 
Pj=percent asbestos mineral in parent mate­

rial; 
W;,=niass of asbestos mineral on filter, in pg; 
WT=total sample weight on filter, in (ig; 
L=percent weight loss of parent material on 

ashing and/or acid treatment (see Section 
2.7.2.3). 
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Protection 
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§763.120 W h a t is t he p u r p o s e of t h i s 
s u b p a r t ? 

T h i s s u b p a r t p r o t e c t s c e r t a i n S t a t e 
a n d loca l g o v e r n m e n t e m p l o y e e s vvho 
a r e n o t p r o t e c t e d by Che Asbes to s 
S t a n d a r d s of t h e O c c u p a t i o n a l Sa fe ty 

and H e a l t h A d m i n i s t r a t i o n (OSHA). 
T h i s s u b p a r t app l i e s t h e OSHA Asbes­
t o s S t a n d a r d s in 29 CFR 1910.1001 and 29 
C F R 1926.1101 t o t h e s e e m p l o y e e s . 

§763.121 D o es t h i s s u b p a r t a p p l y t o 
me? 

If y o u a r e a S t a t e o r l oca l gove rn ­
m e n t e m p l o y e r and y o u a r e n o t s u b j e c t 
t o a S t a t e a s b e s t o s s t a n d a r d t h a t 
OSHA h a s approved u n d e r s e c t i o n 18 of 
t h e O c c u p a t i o n a l S a f e t y a n d H e a l t h 
A c t or a S t a t e a s b e s t o s p l a n t h a t E P A 
h a s e x e m p t e d f rom t h e r e q u i r e m e n t s of 
t h i s s u b p a r t u n d e r §763.123, y o u m u s t 
follow t h e r e q u i r e m e n t s of t h i s s u b p a r t 
t o p r o t e c t y o u r e m p l o y e e s f rom occu­
p a t i o n a l e x p o s u r e t o a s b e s t o s . 

§763.122 W h a t d o e s t h i s s u b p a r t r e ­
q u i r e m e to do? 

If y o u a r e a S t a t e or l oca l gove rn ­
m e n t e m p l o y e r whose e m p l o y e e s per­
form: 

(a) C o n s t r u c t i o n a c t i v i t i e s iden t i f i ed 
in 29 C F R 1926.1101(a). you m u s t : 

(1) C o m p l y w i t h t h e OSHA s t a n d a r d s 
in 29 C F R 1926.1101. 

(2) S u b m i t n o t i f i c a t i o n s r e q u i r e d for 
a l t e r n a t i v e c o n t r o l m e t h o d s t o t h e Di­
r e c t o r , N a t i o n a l P r o g r a m C h e m i c a l s 
Div i s ion (7404), Office of P o l l u t i o n P r e ­
v e n t i o n and Tox ic s , E n v i r o n m e n t a l 
P r o t e c t i o n Agency , 1200 P e n n s y l v a n i a 
Ave. , NW., W a s h i n g t o n , DC 20460. 

(b) C u s t o d i a l a c t i v i t i e s n o t a ssoc i ­
a t e d w i t h t h e c o n s t r u c t i o n a c t i v i t i e s 
iden t i f i ed in 29 CFR 1926.1101(a), y o u 
m u s t c o m p l y w i t h t h e OSHA s t a n d a r d s 
in 29 C F R 1910.1001. 

(c) R e p a i r , c l e a n i n g , or r e p l a c e m e n t 
of a s b e s t o s - c o n t a i n i n g c l u t c h p l a t e s 
and b r a k e pads , shoes , a n d l i n ings , o r 
r e m o v a l of a s b e s t o s - c o n t a i n i n g r e s i d u e 
from b r a k e d r u m s or c l u t c h h o u s i n g s , 
y o u m u s t c o m p l y w i t h t h e OSHA 
s t a n d a r d s in 29 CFR 1910.1001. 

§ 763.123 May a S t a t e i m p l e m e n t i t s 
o w n a s b e s t o s w o r k e r p r o t e c t i o n 
p l a n ? 

T h i s s e c t i o n de sc r ibe s t h e p r o c e s s 
u n d e r which a S t a t e m a y be e x e m p t e d 
from t h e r e q u i r e m e n t s of t h i s s u b p a r t . 

(a) States seeking a n exemption. If y o u r 
S t a t e wishes t o i m p l e m e n t i t s own as­
b e s t o s w o r k e r p r o t e c t i o n p l an , r a t h e r 
t h a n c o m p l y i n g w i t h t h e r e q u i r e i n e n t s 
of t h i s s u b p a r t , y o u r S t a t e m u s t app ly 
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1.0 INTRODUCTION 

This elutriator method is a sampling and analysis method for the determination of 
asbestos in soils and bulk materials. It is specifically designed to provide 
measurements that can be related to exposure and risk. 

Measurements derived using this method can be combined with published dust 
emission and dispersion models to provide predictions of airborne asbestos 
concentrations that may result when asbestos-containing bulk materials are disturbed 
by human activities or natural phenomena. The resulting predictions are sufficiently 
accurate to support risk assessment and risk managennent (see, for example, 
Berman 2000). Moreover, the distribution ofthe sizes and shapes ofthe asbestos 
structures that are released when bulk materials are disturbed is largely preserved by 
the procedures described in this method for sample collection, handling, preparation, 
and analysis. Therefore, concentrations reported using this method preserve the size 
and shape information that is required to assess the risks associated with predicted 
exposures (see Berman and Crump 1999a). 

The elutriator method documented in this report provides estimates of the 
concentration of asbestos structures that satisfy the dimensional constraints of a 
particular exposure index, which is the specific index defined in a companion protocol 
for conducting asbestos risk assessments (Berman and Crump 1999b). An exposure 
index is a concisely defined set of structure sizes, shapes, and mineralogy that 
represent the range of asbestos structures that are biologically active and therefore 
contribute to risk. 

Note, even if there is a desire to evaluate asbestos-related risks based on 
theories that rely on exposure indices tiiat differ from the one defined herein, this 
method can still be used to provide the measurements required to predict 
exposure and risk. The only change needed would be to modify the counting 
rules (presented in Section 10.1.1), which define the sizes, shapes, and 
mineralogy of asbestos structures to be included in the determination of 
asbestos concentrations. 

This method was adapted from the "Superfund Method for the Determination of 
Releasable Asbestos in Soils and Bulk Materials" (Berman and Kolk 1997) and 
incorporates several cost-saving modifications and other refinements. In both methods, 
samples are collected in a manner suitable for providing representative measurements 
of the concentration of asbestos in the matrix sampled, prepared using a dust 
generator, and analyzed by transmission electron microscopy (TEM). Modifications 
incorporated into this method include changes to the design and operation of the 
required dust generator, changes in the manner in which asbestos filters that are 
collected in the dust generator are prepared for TEM analysis, changes in the counting 
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rules defined for conducting the analysis, and changes in the manner in which the 
resulting concentrations are calculated and reported. Specifications for the required 
modifications to the dust generator are also provided. Design specifications for the 
original dust generator are provided in the Superfund Method (Berman and Kolk 1997). 

Procedures defined for sample collection and field preparation in this method yield 40 g 
to 70 g samples of bulk materials that are unmodified other than limited coarse 
crushing (for consolidated materials) and coarse sieving to separate and remove 
particles larger than 1 cm (3/8ths in.) in diameter. These samples are typically (but not 
necessarily) derived by sub-sampling a homogenized composite of multiple, large-
volume (approximately 1 kg) samples that are collected from an array designed to 
provide a representative sample of the bulk matrix of interest. The final 40 g to 70 g 
sub-samples are then sent to the laboratory for analysis. 

Note: smaller volume (mass) samples can also be analyzed bythis method. It is 
simply recommended that samples smaller than approximately 40 g be diluted 
with a measured mass of washed, play sand (Section 8.3) priorto analysis. 

Samples received by the laboratory are placed in the tumbler of a dust generator, 
which is designed to entrain the fine fraction of the sample in an air stream. The air 
stream is then passed through the vertical elutriator ofthe dust generator, which 
concentrates the asbestos by removing everything except the respirable fraction of 
fines fi'om the sample. The resulting respirable fraction (which includes the respirable 
asbestos structures) is then deposited on a filter. The filter is weighed to determine the 
mass of respirable dust that is deposited on the filter and grid specimens are prepared 
for TEM analysis from selected portions ofthe filter using a direct transfer technique. 
An optional, indirect transfer technique is also described. Results are then reported as 
the ratio ofthe number of asbestos sti-uctures (within the size range of interest) per unit 
mass of respirable dust. This is precisely the manner in which asbestos concentrations 
need to be reported when they are used as inputs to published dust models for 
predicting airborne asbestos concentrations (Berman 2000). 

As reported in this document, this method focuses on requirements for tiie collection, 
preparation, and analysis of single samples that are obtained from the field. During a 
site investigation (as previously indicated), samples will typically be collected from 
multiple locations that are arranged in an array designed to provide measurements 
suitable for deriving a representative (i.e. unbiased) estimate of the concentration of 
asbestos over the sampled matrix as a whole. Thus, proper design of a comprehensive 
sampling strategy, which includes a detailed design for the array of sampling locations, 
is also critical to the success of an investigation. However, design of a sampling 
strategy is necessarily site specific and site-specific considerations are beyond the 
scope of this document. For further guidance on developing appropriate sampling 
strategies, see Berman and Chesson (unpublished). 
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The sensitivity and precision of this method are now well defined (see Sections 2.4 and 
2.5). Although the validity of the overall approach for predicting exposure has only 
been demonstrated in a single study (Berman 2000) heretofore, it is evident from that 
study that the limitations to the accuracy of such predictions lie primarily with the 
emission and dispersion models that need to be coupled with analytical results from 
this method. Nevertheless, a limited number of additional validation studies (to test the 
accuracy of predictions over a broader range of bulk matrices and release scenarios) 
would serve to better validate this method. 

D 
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2.0 BACKGROUND 

As indicated previously, this method was specifically developed to provide 
measurements suitable for supporting hsk assessment. To support risk assessment, 
the method satisfies certain requirements including the need to: 

• provide concentration measurements for the specific set of asbestos 
structure sizes and shapes that contribute to adverse biological effects; 

• provide bulk concentration measurements reported in units that are 
appropriate for inputs to emission and transport models, which can be 
used to predict airborne exposure concentrations associated with release 
and dispersion scenarios of interest; 

• achieve sufficient accuracy to support adequately accurate exposure (and 
risk) predictions; 

• achieve adequate sensitivity to allow measurement of asbestos over the 
entire range of concentrations that potentially pose unacceptable risk; 

• achieve adequate precision over the range of asbestos concentrations of 
interest; 

• incorporate procedures for sample handling, preparation, and analysis 
that are insensitive to subjective application so that they are readily 
reproducible within and between laboratories that may offer the method 
commercially; and 

• readily accommodate a broad range of (natural and anthropogenic) bulk 
materials for which determining the concentration of asbestos may be of 
interest. 

An additional consideration addressed during the development of this method is the 
need to control sampling and analysis costs, which is also addressed below. 

2.1 BIOLOGICALLY RELEVANT ASBESTOS STRUCTURES 

Asbestos poses a threat to human health when dust is released and the resulting 
structures are inhaled. Whether asbestos also poses a tiireat to human health when it 
is ingested is less clear. There is no direct human evidence that ingested asbestos 
causes disease and the existing animal studies are equivocal (U.S. EPA 1986). 
Therefore, the focus of tiiis method is to provide bulk measurements that can ultimately 
be used to predict airborne (inhalation) exposures. 
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There is strong evidence and general agreement within the scientific community that 
the risk of asbestos-related disease attributable to a particular exposure is a function of 
dose (measured in terms of the number of inhaled structures). Further, in addition to 
structure number concentration, both the mineralogy and sizes and shapes of the 
inhaled structures determine the magnitude of the risk (see, for example, Berman and 
Crump 1999a). Therefore, bulk measurements that are collected to support asbestos 
risk assessment must enumerate and distinguish asbestos structures within relevant 
size categories and identify their mineralogy. 

In the recently completed protocol for assessing asbestos risks (Berman and 
Crump 1999b), a specific exposure index was defined that is expected to capture the 
range of asbestos structure sizes and shapes that contribute to risk. This exposure 
index was developed based on an extensive review ofthe literature and results from 
supplemental studies. The exposure index is concisely defined as the weighted sumof 
the concentrations of asbestos structures in two, related size categories: 

C,p, = 0.003Cs + 0.997CL (2.1) 

where: 
"Cop," is the concentration of asbestos expressed in terms of the recommended 

exposure index. Such concentrations are expected to closely relate to 
risk; 

"Cg" is the concentration of asbestos structures between 5 and 10 [Jm in length 
that are also thinner than 0.5 |Jm; and 

"CL" is the concentration of asbestos structures longer than 10 pm that are 
also thinner than 0.5 [̂ m. 

To provide measurements that can be used to derive concentration estimates reported 
in terms of the above-desaibed exposure index, it is necessary to separately 
enumerate asbestos structures that are longer than 5 [jm and thinner than 0.5 pm, to 
distinguish those also longer than 10 pm, and to identify the mineralogy of all such 
structures. Structures that satisfy the dimensional constraints defined above have 
been termed, "protocol structures." The rules for counting and characterizing asbestos 
structures during analysis that are incorporated into this method (Section 10.1) are 
designed specifically for enumerating protocol structures. 

Note, it has also been determined, based on the literature review and 
supplemental studies (Berman and Crump 1999a), that samples prepared for 
TEM analysis by a direct transfer technique relate best to risk. Therefore, a 
direct transfer technique has been incorporated into this method (Section 9.1). 
However, an optional, indirect transfer technique is also presented (Section 9.2). 
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This is because analytical results derived from samples prepared by indirect 
transfer may sometimes correlate with results from paired samples prepared by 
direct transfer (within specific matrices at specific sites). Due to the ability to 
optimize loading, such analyses may occasionally prove less expensive than 
analyses of samples prepared by direct transfer. 

2.2 BULK MEASUREMENTS FOR EMISSION AND DISPERSION MODELING 

As indicated previously, bulk measurements derived using this method are intended to 
be combined with published dust emission and dispersion models to predict airborne 
asbestos concentrations that may result when asbestos-containing bulk materials are 
disturbed by human activities a natural phenomena. Based on a dimensional analysis 
of such models (Berman 2000), a basic requirement for bulk measurements used for 
this purpose is that results be reported in units ofthe number of asbestos structures per 
mass of respirable dust (S/gp îo)^- Therefore, this method incorporates procedures for 
simultaneous determinationof the number of asbestos sti'uctures and the respirable 
particulate mass that are liberated from a sample during dust generation (Section 8.5). 
and results are reported as the required ratio: S/gp^̂ o-

Experience gained from use of this method indicates that reporting asbestos 
concentrations as the ratio of asbestos to dust (which is required in this method) offers 
an additional, substantial advantage over other, more traditional methods for measuring 
asbestos in bulk materials. This relates to the ability to account for the efficiency with 
which sample preparation liberates the asbestos from a bulk sample so that it is 
available (visible) for analysis. 

When samples are analyzed chemically, typically, they are first dissolved. Dissolution 
degrades the sample quantitatively to its component molecules. Thus, the total number 
of molecules of interest that were present in the original sample are available for 
detection during analysis. In contrast, bulk asbestos samples must typically be 
degraded mechanically to liberate asbestos for analysis. Commonly, such mechanical 
degradation is performed to achieve some pre-defined, but arbitrary size specification. 
However, tfie corresponding efficiency with which the asbestos structures in the sample 
have been liberated so that they are available (visible) is never known. Moreover, 
mechanical degradation can never be sufficiently comprehensive to assure liberation of 
all the asbestos structures in a sample, because such aggressive action would 
unavoidably alter and degrade the asbestos structures themselves. It is thus 

"PM,o" is an abbreviation that is commonly used to represent respirable dust, which is defined as 
particulate matter exhibiting an aerodynamic equivalent diameter less than 10 jJm (Raabe 1984). The 
aerodynamic equivalent diameter of a particle is the diameter of a hypothetical spherical particle of unit 
density that exhibits the same settling velocity in air as the particle of interest. 

2-3 



impossible to quantitatively liberate asbestos structures from a bulk sample by 
mechanical means. 

When bulk samples are (naturally or mechanically) degraded and liberate asbestos, 
fines (including respirable dust) are unavoidably produced in the process. Further, the 
quantity of respirable dust that is produced is a direct function of the degree of such 
degradation. Thus, measuring the quantity of respirable dust present in a sample 
provides at least a rough measure of the efficiency with which asbestos may have been 
liberated from the sample so that it is available for detection during analysis. 
Therefore, dividing counts of the number of asbestos sti-uctuiBs liberated from a sample 
by the mass of respirable dust that is simultaneously liberated normalizes the reported 
asbestos concentf-ations to account for the degree of degradation of the sample 
achieved during preparation and analysis. 

By reporting asbestos concentrations as the ratio of asbestos to dust, this method (and 
its predecessor the Superfund Method) provides a measure of asbestos that is an 
inherent property ofthe material analyzed, much as a chemical concentration is an 
inherent property of the material analyzed. Such a measure of asbestos concentration 
is robust (i.e. relatively insensitive) to the manner in which a sample is handled and 
prepared. This facilitates reproducibility when the method is applied because 
subjective effects attributable to differences in the way that individuals or laboratories 
handle or prepare samples should not affect the results of analyses performed using 
this method. The same cannot be said of other, more traditional metfiods commonly 
used for the determination of asbestos in bulk niaterials. 

That reporting measurements as the ratio of asbestos sti"uctune number to respirable 
dust mass normalizes reported concentrations so that they are robust tc subjective 
handling and preparation (as well as natural in-place weathering) is indicated by 
comparing results from a recent (unpublished) study in which measurements were 
collected from ground and unground soil samples. 

In the recent study, paired splits were prepared from three soil samples known to 
contain tremolite asbestos. One split of each pair was prepared as recommended in 
this method (i.e. by sieving to remove particles larger than 1 cm). The split was then 
weighed and placed directly in the tumbler of the dust generator for conditioning, dust 
generation, and analysis (Sections 8.5 and 10.1). The second split of each pair was 
ground so that the entire sample passed tiirough a 200-mesh sieve prior to weighing, 
conditioning in the tumbler, dust generation, and analysis. 

Asbestos concentrations were measured in the above-described sample splits using 
this method and results were reported for each of two structure size categories: 
(1) protocol structures and (2) phase contrast microscopy equivalent (PCME) 
structures. PCME structures are those that are longer than 5 pm, thicker than 0.25 pm, 
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and exhibit an aspect (length to width) ratio greater than 3:1. Both sets of results are 
presented in the following table. 

Table 2-1: 
Asbestos Concentrations Measured in Paired Sample Splits 

that Were Ground and Unground, Respectively 

Asbestos Protocol Structure Concentrations 
(s/gpMio) 

Sample Number from Unground Split from Ground Split 

Sample Number 1 

Sample Number 2 

Sample Number 3 

2.64 X 10' 

2.17x10' 

1.38x10' 

1.27 X 10' 

1.33x10' 

1.10x10' 

Asbestos PCME Structure Concentrations 
(S/gpMio) 

Sample Number from Unground Split from Ground Split 

Sample Number 1 

Sample Number 2 

Sample Number 3 

6.40x10' 

1.20x10' 

1.39x10' 

1.08x10' 

1.28x10' 

5.95x10' 

The concentrations reported in Table 2-1 each represent the mean of duplicate (or 
triplicate) analyses. Each analysis is derived from one of a set of filters collected at 
differing time intervals over the course of a dust generator run for each sample. 

To determine whether grinding affects the analytical results for a sample, an analysis of 
variance (ANOVA) was conducted. The purpose of the ANOVA was to test whether the 
observed differences in analytical results between ground and unground pairs was 
greater than the variation observed between repiicate analyses of filters derived from 
each of the individual (ground or unground) samples. Measured concentrations 
derived from each replicate analysis of each individual sample are reported in 
Table 2-2. 
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Table 2-2: 
Asbestos Concentrations Measured in Replicate Preparation of 

Selected Samples 

Asbestos Protocol Structure Concentrations 
(S'gpMio) 

Sample Number Concentration Concentration Concentration 
in Replicate 1 in Replicate 2 in Replicate 3 

Sample Number 1 (unground) 

Sample Number 1 (ground) 

Sample Number 2 (unground) 

Sample Number 2 (ground) 

Sample Number 3 (unground) 

Sample Number 3 (ground) 

2.30x10' 

1.94x10' 

1.88x10' 

2.06x10' 

2.17x10' 

1.90x10' 

2.03 X 10' 

5.90x10' 

2.46x10' 

6.09x10' 

5.88x10' 

3.90x10' 

3.60x10' 

Asbestos PCME Structure Concentrations 
(S/gpMio) 

Sample Number Concentration Concentration Concentration 
in Replicate 1 in Replicate 2 in Replicate 3 

Sample Number 1 (unground) 

Sample Number 1 (ground) 

Sample Number 2 (unground) 

Sample Number 2 (ground) 

Sample Number 3 (unground) 

Sample Number 3 (ground) 

6.5x10' 

1.04x10' 

9.17x10' 

1.65 X 10' 

1.19X 10' 

7.7 X 10' 

7 .3x10 ' 

1.11 x10 ' 

1.48 X 10' 

9.13 X 10' 

1.59x10' 

4 .2x10 ' 

5.4x10' 

It is clear from a visual comparison of tfie measurements presented in Tables 2-1 and 
2-2 that variation between ground and unground pairs is no greater than the variation 
observed between sample replicates. These observations are confirmed formally from 
the results of the ANOVA in which the variation between ground and unground samples 
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is shown to be no greater than variation among sample replicates^ Thus, measured 
concentrations for ground and unground pairs do not significantly differ. 

Whether measured concentrations differ for ground and unground sample splits was 
also tested using a more rigorous procedure. In this latter procedure, tiie individual 
asbestos structures observed during each analysis were evaluated to determine 
whetiier the counts observed among the ground and unground split from each sample 
could be considered to have been derived from a single Poisson disti-ibution (i.e. could 
both splits be considered to have come from Poisson distributions exhibiting the same 
mean, after adjusting for differences in the mass of material deposited on each filter). 

This latter evaluation relies on the assumption tfiat asbestos structures are randomly 
distributed across each sample filter. When this assumption is true, the number of 
structures observed while scanning a filter is described by a Poisson distribution with a 
mean equal to the total number of structures on the filter multiplied by the fraction of the 
surface area of the filter scanned during analysis. Thus, if the only source of variation 
that contributes to a measurement is the chance of encountering asbestos structures 
while scanning a fixed area of a filter, the variation observed among repeated 
measurements over such a filter would be described by a Poisson disti-ibution. This is 
the type of variation that is obsen/ed, for example, among a set of measurements 
derived by repeatedly scanning randomly selected areas of uniform size on a single 
filter. Further discussion of Poisson distributions and counting statistics is provided in 
Section 2.5. 

Because the replicate measurements presented in Table 2-2 are derived from multiple 
filters, additional sources of variation can potentially be introduced by differences in the 
manner in which asbestos was deposited on each filter. Moreover, ground and 
unground splits are two physically separate samples that have been separately 
handled prior to analysis, which suggests further opportunities for introducing variation 
between such samples. Nevertheless, due to the design of this method, it is expected 
that the variation between replicate filters (and even sample splits) will be dominated by 
variation due to counting statistics, which are described by a Poisson distribution (as 
discussed above). 

Results from the more rigorous test to determine whetiier paired ground and unground 
splits could be considered to be derived from the same Poisson distribution are 
somewhat nixed. Among measurements of protocol structures, each pair of ground 
and unground splits from tiie three samples can be adequately described bya single 
Poisson. Among measurements of PCME structures, the ground and unground pair 

The F-test statistics (which are the ratios of the variance between ground and unground samples relative to 
the variance within ground and unground samples, respectively) from the ANOVA are: F = 2.55, P = 0.15 
(not significant) for protocol structures and F = 0.14, P = 0.72 (also not significant) for PCME structures. 
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representing Sample No. 2 can be adequately described by a single Poisson. 
However, the pairs representing Sample Nos. 1 and 3, respectively, cannot be 
adequately described by a single Poisson. 

The reason for deviation from Ppisson counting statistics among the splits for Sample 
Nos. 1 and 3 (based on counts of PCME structures) is unclear. It may be due to 
additional contributions to variation (from the kinds of sources described above) for 
these specific samples. This would make the test for compliance with Poisson counting 
statistics too severe for the purpose intended here. Overall, however, the results of the 
statistical tests described above indicate that grinding a sample during preparation has 
little or no effect on the outcome of a measurement derived using this method. 

Given the above, it is recommended for this method that mechanical modification of 
bulk materials of interest be limited to the minimum that is required to generate 40 g to 
70 g samples containing individual particles no larger than approximately 1 cm (3/8ths 
in.) in diameter. Thus, unconsolidated material need only be sieved (to separate out 
particles larger than 1 cm), homogenized, and split (Chapter 7). Rocks or other bulk 
solids may additionally need to be coarse crushed so that the majority of the fragments 
can pass through a 1 cm sieve. 

It is expected that, as long as mechanical crushing, grinding, or other disaggregation is 
not so severe as to cause degradation of the embedded asbestos structures 
themselves and as long as any such mechanical actions are performed in a manner 
allowing capture and preservation ofthe resulting fines (as part ofthe sample), then 
preparation employing such activities should not substantially affect analytical results 
derived using this method. However, additional studies of such effects over a broader 
range of sample types and conditions than those reported above would certainly 
improve our understanding ofthe capabilities of this method. 

2.3 ACCURACY 

Because there are no bulk standards available for asbestos, it is not currently possible 
to determine the accuracy of this method by direct means. However, an indirect 
procedure exists that can be used to provide a bounding estimate ofthe accuracy of 
measurements derived using this method. 

Controlled experiments in which bulk materials in the field are subjected to mechanical 
disturbance and the airborne asbestos concentrations that result from such disturbance 
are measured, provide an independent set of measured airborne concentrations that 
can be compared with concentrations predicted by combining bulk measurements using 
this method with appropriately matched emission and dispersion models. The degree 
of agreement between measured and predicted airborne concentrations then provides 
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a measure of the accuracy of such predictions. In turn, the accuracy of such 
predictions represent bounding estimates for the accuracy of this method. 

Such a study has been reported in a recent publication (Berman 2000). Results from 
this study suggest that airborne asbestos concentrations predicted based on single 
measurements of bulk concentration (derived from a composite of samples collected 
from an appropriately designed sampling array) are likely to be accurate to within a 
factor of three or four. Moreover, the accuracy of predictions for long-term average 
exposure concentrations (which is what is required to support risk assessment) should 
be even better. The precision of predictions derived from method measurements can 
also be improved by basing such predictions on the mean of multiple bulk 
measurements, rather tiian single measurements (see Section 2.5). 

Importantly, although the results discussed above are suggestive, they are limited. The 
Berman (2000) study is a single study of two serpentine surfaced roads. The range of 
conditions examined in this study was limited. Among published dust models that might 
be coupled with measurements using this method to predict airborne asbestos 
concentrations, the dust model employed for unpaved roads (U.S. EPA 1985) in the 
Berman study is among the most highly developed, best tested, and most precise. 
Moreover, the study was conducted under conditions that were particularly favorable to 
control of meteorological effects and other potentially confounding variables. Thus, the 
accuracy of predictions derived for other exposure scenarios may not be as good. 
Nevertheless, it is apparent from the Berman (2000) study that the accuracy of 
exposure predictions that are derived in the manner described above will be limited 
primarily by the accuracy of the dust model used for deriving the predictions, rather 
than from the input measurements derived using this method. 

Additional studies similar to Berman (2000) are recommended in which a broader range 
of release scenarios are evaluated under a broader range of meteorological conditions. 
Such studies would allow better characterization ofthe performance of this method and 
the predictions derived by modeling that employ measurements using this elutriator 
method. 

2.4 SENSITIVITY 

A range of target sensitivities for this method were estimated from calculations 
presented in the feasibility study (Berman 1990) for the original Superfund Method 
(Berman and Kolk 1997). However, such targets were based on assumed preparation 
by an indirect transfer procedure, which is no longer recommended. The original 
sensitivity calculations were also based on procedures for evaluating asbestos-related 
risks that are not consistent with the new protocol (Berman and Crump 1999b). 
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Therefore, a new set of target sensitivities has been estimated based on recent 
calculations (Berman unpublished). In these calculations, acceptable airborne 
concentrations for protocol structures were separately estimated for chrysotile and the 
amphiboles based on a target risk level of 10"̂  (one in one hundred thousand) and the 
procedures recommended for relating exposure and risk that are presented in the new 
protocol (Berman and Crump 1999b).^ 

Based on the unpublished calculations, a target sensitivity of 3 x 10' S/gp^̂ ,̂ is likely to 
adequately bound the range of concentrations of potential concern for the vast majority 
of emission and dispersion scenarios of interest for risk management. However, to 
assure adequate sensitivity for specific projects, it is highly recommended that 
preliminary calculations be performed to identify a level of sensitivity that will 
adequately support risk management decisions that are project specific. Therefore, the 
target sensitivity presented here is intended to be illustrative only. 

Note that the target sensitivity provided in the last paragraph is based on 
calculations assuming amphibole asbestos protocol structures. Because 
chrysotile appears to be substantially less potent than the amphiboles, a target 
sensitivity on the order of 5 x 10' S/gpî K, may generally prove sufficient for 
chrysotile asbestos. Again, however, sensitivity for this method should be set 
based on project-specific requirements and the stopping rules for analysis 
(Section 10.1.2) should then be adjusted accordingly. 

As indicated in Section 10.1.2, achieving the lower (more severe) of the two 
sensitivities listed above should ultimately require scanning a maximum of 
approximately 150 grid openings (distributed over 5 grid specimens), when filter 
preparation during dust generation is optimized. Because scanning need only be 
performed at a maximum magnification of lO.OOOx, the cost for performing such an 
analysis is expected to remain reasonable (see Section 2.8). 

2.5 PRECISION 

The original Superfund Method was shown to achieve a level of precision that is 
adequate for distinguishing acceptable asbestos concentrations fi'om potentially 
hazardous concentrations with a resolution that is considered acceptable for supporting 
risk management decisions (Berman et al. 1994). During the pilot study, the counting 
of 50 structures (during the analysis of paired splits from each of several homogenized, 

There are six different mineral types included in the definition of asbestos that are grouped into two 
mineralogical categories: serpentine asbestos (chrysotile) and the amphiboles, which include the other five 
types of asbestos. Asbestos structues in each of the two mineralogical categories have been found to 
exhibit differing potency (Berman and Crump 1999a). That is why the new risk assessment protocol 
incorporates differing risk factors for chrysotile and the amphiboles (Berman and Crump 1999b). 
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bulk samples) produced an average relative percent difference (RPD) across duplicate 
sample pairs of 47%. Of 40 paired counts (five separate counts of each of a pair of 
filters from each of four sets of paired samples by each of two laboratories), 14 (35%) 
exceeded an RPD of 50% and 6 (15%) exceeded an RPD of 100%. However, 8 of the 
14 RPD's exceeding 50% derive from a single set of paired splits so it is conceivable 
that special problems developed during the preparation of this one pair of splits. For 
further discussion of this issue, see Berman (2000). 

Importantly, the results presented above were derived based on analysis of samples 
prepared using an indirect transfer technique. Because this method relies primarily on 
the analysis of samples prepared by direct transfer, additional tests were recently 
performed to determine the achievable precision for the analysis of samples prepared 
for TEM analysis by direct transfer (Berman unpublished). 

In a recent series of studies, replicate filters were collected during dust generator runs 
from each of a series of 10 samples. The filters were then prepared for TEM analysis 
using a direct transfer technique and each of two types of asbestos structures (protocol 
structures and PCME structures) were counted. Measurements were then evaluated 
to determine whether counts derived from replicate filter pairs could be adequately 
described by a single Poisson distribution (after adjusting for differences in the mass 
deposited on each replicate). 

The results of this evaluation indicate that, for protocol structures, counts derived from 
replicate filters cannot be distinguished from one another (i.e. they can be adequately 
described by a single Poisson distribution) for 8 of the 10 pairs tested. Although the 
replicates from the remaining two samples could be distinguished at the 95% level of 
significance, they were indistinguishable at the 99% level of significance (P = 0.039 
and 0.045 for the two pairs, respectively). Thus, the dominant source of variation 
apparent among these replicates is that attributable to counting (see Section 2.2), 
which is the minimum variation achievable for asbestos analyses that require the 
enumeration of individual asbestos structures. 

Results for the 9 available pairs of replicates analyzed for PCME structures showed 
somewhat greater variability, but generally support the same conclusion. Ofthe PCME 
structure counts derived from replicate filters 6 of 9 replicate pairs cannot be 
distinguished from one another (i.e. each pairof replicates can be adequately 
described by a single Poisson distribution). Two ofthe remaining three pairs of 
replicates can be distinguished at the 95% level of significance but not at the 99% level 
of significance (P = 0.042 and 0.016, for the two pairs, respectively). The two filters of 
the last replicate pair exhibit structure concentrations that are cleariy distinguishable 
from one another (they cannot reasonably be described by a single Poisson, 
P = 0.008). It is not known why counts of PCME structures appear to be somewhat 
more variable than counts of protocol structures. Overall, however, it is reasonable to 
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conclude from these data that ttie variability observed between replicate measurements 
derived from this method is dominated by that attributable to counting. This means that 
the precision of the method approaches the optimum achievable for a method that 
involves the enumeration of individual asbestos structures. 

Note: the above described test of precision (for samples prepared by direct 
transfer) is based on the analysis of replicate filters rather than paired splits of 
homogenized samples (which would address additional sources of variation 
potentially introduced by the handling of bulk samples prior to dust generation). 
It is expected, however, that tiie achievable precision for paired sample splits will 
be comparable to that demonstrated for replicate filters (i.e. variation will be 
dominated by the limitations of counting statistics and will therefore approach the 
minimum possible). This is indicated by the results of the original pilot study 
(Berman et al. 1994), which demonstrate that variation inti-oduced by bulk 
sample handling in this method is trivial compared to the variation associated 
with filter generation and the variation introduced by counting statistics during 
analysis. Both of the latter sources of variation are adequately addressed by the 
comparison of results from replicate filters. 

2.6 OBJECTIVE PROCEDURES FOR SAMPLE HANDLING AND ANALYSIS 

This method is designed to be adopted and applied broadly. Therefore, with one 
exception, equipment and supplies required to implement this metiiod are commercially 
available and in common use among laboratories offering analyses for the 
determination of asbestos by TEM. 

The one exception involves the need to construct a dust generator to conduct the 
required sample preparation. However, even the dust generator is designed to be 
constructed from commercially available materials and precise specifications for its 
construction have been published in the Superfund Method (Berman and Kolk 1997). 
The specifications for the modifications required to adapt the dust generator for use 
with this method are incorporated within this document (Section 6.3). The cost for 
constructing the required dust generator has proven to be modest and should not be a 
hindrance to any laboratory wishing to offer commercial analyses using this method. 

So that laboratories offering analysis using this metiiod will generate comparable 
results, the procedures incorporated into the method were designed and selected to 
facilitate objective implementation and are robust (i.e. relatively insensitive) to 
subjective application that might otherwise introduce variability within and between 
laboratories. The data and evaluation presented in Section 2.2 provides a good 
indication of the degree to which the procedures incorporated into this method for 
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sample preparation are robust to subjective application. Procedures employed for 
analysis are also intended to limit the effects of subjective application. 

While it is unavoidable that the counting rules employed to determine the manner in 
which asbestos structures are to be enumerated during analysis are subject to analyst 
interpretation and this introduces some variation, it is expected that such variation will 
be somewhat more limited for this method due to the constraints in the range of 
structure sizes that are included for analysis. Structures counted during analysis by 
this method are limited to those defined as protocol structures (Section 2.1). At the 
same time, subjective variation introduced by the interpretation of counting rules is a 
limitation that is common to all TEM methods used for the determination of asbestos 
structure concentrations. 

The need to produce filters during dust generation with dust deposits that are 
demonstrably uniform must also be considered when addressing the reproducibility of 
repeated analyses and the comparability of analyses within and between laboratories. 

To test this ability initially, five filters were selected for evaluation from among filters 
generated during a series of recent studies. Muitipie grid specimens (up to nine for 
some filters) were then prepared from locations on tiie filter selected in systematic 
arrays designed to representatively cover the entire surface of each filter. Asbestos 
structures were then enumerated during scans of multiple grid openings (up to 50) on 
each of the grid specimens tiiat were prepared from each filter. The resulting structure 
counts were then evaluated to determine whether the counts across grid openings 
within each grid specimen and, separately, whetiier the total counts across grid 
specimens from each filter could be adequately described by a single Poisson 
distribution. 

Results from this evaluation indicate that counts on grid openings within every grid 
specimen tested could always be adequately described by a single Poisson 
distribution. However, only three of the five filters yielded a set of grid specimens tfiat 
could be adequately described by a single Poisson. This was not a problem as long as 
samples were being prepared by an indirect transfer procedure. However, direct 
transfer is now preferred, due to research indicating superior correlation with risk 
(Berman and Crump 1999a). 

After further study, it was found that lack of uniformity on the filters prepared for 
asbestos analysis using the dust generator was primarily due to the lack of complete 
mixing between the air stream exiting the tumbler ofthe dust generator and the air 
stream entering from the open tube at the bottom of the elutriator (in the original 
configuration of the dust generator). In hindsight, the laminar flow regime of the 
elutriator is not conducive to efficient mixing of such air streams. 
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Based on these results, the dust generator was reconfigured by eliminating the open 
tube at the bottom of tiie elutriator and redesigning to assure adequate flow velocities 
at the bottom of the elutriator^ to assure that respirable particles are transferred 
quantitatively from the tumbler to the elutriator (see Section 6.3). Based on visual 
inspection of filters that are intentionally overioaded so that the deposit on the filter is 
readily visible, it appears that the reconfigured dust generator produces adequately 
uniform deposits on filters so that there should be no problem demonstrating that 
structures observed on such filters are Poisson distributed. Further analysis of 
asbestos structure counts are in progress. 

2.7 THE CHARACTERISTICS OF BULK MATERIALS REQUIRING ANALYSIS 

The asbestos content of a broad range of bulk materials (both natural and 
anthropogenic) are expected to provoke interest. These may include, for example: 

• rock or soils containing naturally occurring asbestos; 

• soils, fills, or sediments containing asbestos-containing debris; 

• asbestos-containing construction materials; and 

• asbestos-containing, settled dust. 

This method is designed to be applied broadly and the procedures provided herein 
should allow the method to be adapted for application to any of the kinds of materials 
listed above. For descriptions of adaptations that may be required for some of the 
materials listed, see Sections 2.2, 8.2, and 8.3. 

To date, the original Superfund Method and this modified elutriator method have been 
applied to a broad range of asbestos containing materials of interest including: 

• crushed serpentine rock variously containing naturally occurring 
chrysotile and tremolite asbestos; 

• soils variously containing naturally occurring chrysotile and tremolite 
asbestos; and 

Air stream velocities at the bottom of the elutriator must be higher than velocities in the main body of the 
elutriator at all points in the air stream so that respirable particles are not lost prior to sorting in the 
elutriator This assures quantitative transfer of respirable material from the tumbler to the filters where 
dust and asbestos are collected for analysis. 
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• soils and fills variously containing chrysotile, amosite, anthophyllite 
asbestos, tremolite asbestos, and actinolite asbestos in construction 
debris. 

The concentrations of asbestos that have been observed in samples analyzed using 
this method to date (excluding non-detects) range between 1x10 ' S/gp îo and 8 x 
10'S/gpMio for protocol structures and as high as 4 x 10̂  S/gp^̂ o for total structures. 

2.8 COST CONSIDERATIONS 

Per-sample costs for analysis using the original Superfund Method tend to run between 
$800 and $1,500, depending on the target sensitivity and precision requested for a 
particular analyses. Given the modifications adapted for this method, a target 
sensitivity of 3 x 10' S/gpMio> and counts tfiat are restricted to protocol sti'uctures, per-
sample costs for analysis using this method have been running between $500 and 
$800 (approximately half of per-sample costs for the original method). As experience 
with this method increases and as competition increases with additional laboratories 
offering this method commerdally, it is also expected that per-sample costs forthis 
method will decrease further. 

Importantly, per-sample costs for analysis using this method are not expected to 
represent a driving factor for the cost of site characterization employing this method. 
The procedures incorporated into tiiis method for sample collection and field 
preparation are amenable to substantial compositing so that, when an investigation is 
properiy designed, only a very limited number of analyses using this method should be 
required to provide adequate characterization ofthe bulk materials of interest. In fact, 
the process of combining results from this method with appropriately selected dust 
emission and dispersion models to predict airborne exposure concentrations is 
expected to be less expensive than characterizing airborne exposures by direct 
measurement (with a comparable degree of accuracy) for all but the simplest cases of 
potential interest. 
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3.0 OVERVIEW OF METHOD 

Samples are collected in the field according to a pre-defined sampling plan identifying 
the number of samples to be collected and the locations from which samples are to be 
collected. Procedures for designing such a plan are beyond the scope of tiiis 
document but are reported elsewhere (see, for example, Berman and Chesson, 
unpublished). 

Any of a variety of commercially available sampling equipment (i.e. trowels, shovels, 
augers, corers, etc.) may be used to collect samples for this method. However, they 
must have been specified in the pre-defined sampling plan based on the nature of the 
material being sampled and the depths over which samples are to be collected. 
Whatever sampling technique is employed, the minimum size sample to be collected at 
each location shall be 1 kg. 

Once collected, each sample is brought to a central location for field preparation. Field 
preparation steps are listed in Figure 3-1 and discussed further in Chapter 7 and in 
greater detail in Chapter 8 of Berman and Kolk (1997). Each sample is first weighed. 
Then the sample is sieved using a screen with 3/8th in. (1 cm) openings to separate a 
coarse and fine fraction. The material placed on the sieve is worked with gloved hands 
to assure that all friable components pass through the screen. 

The coarse fraction, composed of material that is retained by the screen, is transferred 
to a bucket and weighed prior to discarding on site. The fine fraction is also weighed. 
As indicated in Figure 3-1, the fine fraction is then homogenized. The procedure 
recommended in tiiis method for homogenization is repetitive splitting using a riffle 
splitter with the split halves of the sample being re-combined at the end of each split. 
Studies indicate that five to seven iterations are typically sufficient to achieve adequate 
homogenization. 

Once homogenized, the fine fraction is then sub-sampled using the riffle splitter 
(Figure 3-1). During sub-sampling, the one-half of the sample from one of the two 
receiving trays is discarded after each split and the second half ofthe sample is then 
re-split. The process is repeated until sub-samples weighing between 40 g and 70 g 
are produced in each of the two receiving trays. The material in each tray is then 
transferred quantitatively to a sample bottle, packaged and shipped to the laboratory. 

Sample handling, preparation, and analysis in the laboratory is depicted in Figure 3-2 
and described in detail in Chapter 8 (of this document). Once sub-samples weighing 
between 40 and 70 g are obtained, they can be separately prepared and analyzed 
(Section 8.5). 
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To prepare samples, as indicated in Figure 3-2, first load the sample into the tumbler of 
a dust generator. The design, construction, and operation of a dust generator suitable 
for use with this method is provided in Appendix A of Berman and Kolk (1997) with 
required modifications provided in Section 6.3 of this document. The sample is then 
conditioned by flowing humidity-controlled air through tiie tumbler and over tfie sample 
for several hours. 

Once the sample is conditioned, the tumbler of the dust generator is started and a 
sample run is initiated. During each run, a series of filters is collected continuously 
from the top of ME openings of the dust generator and these are weighed and plotted 
to determine when dust generation has stabilized sufficiently to collect filters for 
asbestos analysis. 

While the dust generator is operating, a second set of filters is also collected over the 
IST opening ofthe dust generator, which articulates with an isokinetic sampling tube. 
These are collected such that loading is appropriate for specimen grid preparation 
using a direct transfer technique. 

Next, as indicated in Figure 3-2, TEM specimen grids are prepared using a direct 
transfer technique from the filters collected from atop the isokinetic sampling tube of the 
elutriator. Before specimen grid preparation, however, the filters must be weighed to 
determine the mass of dust deposited on the filter. Specimen grids are then analyzed 
using the counting and identification rules ofthe International Standards Organization 
(ISO) Method for the determination of asbestos in air using an indirect transfer 
technique (ISO 10312) with the counting rules modified for determining only protocol 
structures (defined in Section 10.1.1) and with the stopping rules modified as indicated 
in Section 10.1.2. 

Dust mass estimates are then combined with asbestos counts to allow reporting of the 
concentration of asbestos protocol structures per unit mass of respirable dust in the 
sample (Figure 3-2). 
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4.0 DEFINITIONS 

Amphibole: a group of rock-forming ferromagnesium silicate minerals, closely related 
in crystal form and composition, and having the nominal formula: 

where: 

A = K, Na; 

B = Fe'^ Mn, Mg, Ca, Na; 

C = Al, Cr, Ti, fe^d Mg, Fe'"; 

T = Si, Al, Cr, Fe^d Ti. 

In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or 
Zn. Amphibole is characterized by a cross-linked double chain of Si-0 tetrahedra with 
a silicon:oxygen ratio of 4:11, by columnar or fibrous prismatic crystals and by good 
prismatic cleavage in two directions parallel to the crystal faces and intersecting at 
angles of about 56° and 124° (Hodgson 1965). 

Amphibole Asbestos: amphibole in an asbestiform habit. 

Note, based on work performed to define the relationship between structure 
morphology and health effects (Berman and Crump 1999a), it appears to be 
primarily the overall dimensions of an asbestos structure that determine it's 
potential to contribute to disease, not whether that particular structure is strictly 
"asbestiform" in habit (see the definition of asbestiform below). Therefore, 
prudence dictates tfiat all isolated amphibole asbestos stmctures that exhibit 
dimensions consistent with those defined as "protocol structures" should be 
included in the determination of risk-related concentrations (see the definition of 
protocol structures). 

Anaiyticai Sensitivity: the calculated asbestos concentration in soil or a bulk matrix, 
in asbestos structures per gram of respirable dust (S/gp^io). equivalent to counting of 
one asbestos structure in the analysis. 
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Asbestiform: a specific type of mineral fibrosity in which the fibers and fibrils possess 
high tensile strength and flexibility. 

Note, the term, "asbestiform" is primarily a geology term that is intended to 
distinguish deposits of a particular mineral that exhibit high fibrosity as a bull< 
property'\n contf-ast to massive deposits in which the material is variously 
described as columnar, platy, or granular (Kraus et al. 1959). The term was not 
originally intended to distinguish the potential for a material to contribute to 
health effects. Therefore, this distinction should not be applied to isolated 
asbestos structures when determining risk-related concentrations (see the note 
under tiie definition for amphibole asbestos). While it appears there is generally 
good correlation between an asbestos mineral's habit and the potential to induce 
adverse health effects (see, for example, OSHA 1992), the correlation may not 
be perfect (see the definition of protocol structures). 

Asbestos: a term applied to a group of fibrous silicate minerals that readily separate 
into thin, strong fibers that are flexible, heat resistant and chemically inert. The term is 
generally applied to asbestiform serpentine and the non-aluminous amphibole minerals 
(Kraus etal. 1959). 

Note, the term, "asbestos" is a geology term that was originally intended to 
distinguish the bulk properties of deposits with potential commercial value (due 
to fibrosity) from those that do not exhibit such properties. It was not initially 
intended to define materials that present a risk for inducing adverse health 
effects (when inhaled). When assessing health effects, the term asbestos 
should be considered to include all isolated structures ofthe proper mineralogy 
that exhibit a morphology consistent with that defined below as "protocol 
structures." 

Asbestos Component: a term applied to any individually identifiable asbestos sub­
structure that is part of a larger asbestos structure. 

Asbestos Structure: a term applied to any contiguous grouping of asbestos fibers, 
with or without equant particles. 

Aspect Ratio: the ratio of the length to width of a particle. 

Blank: a fiber count made on TEM specimen grids prepared from an unused filter (ora 
filter through which asbestos-free air or water has been passed), to determine a 
background measurement. Blanks may include equipment blanks, field blanks, filter or 
lot blanks, and laboratory blanks, and/or method blanks. 
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Bundle: a fiber composed of parallel, smaller diameter fibers attached along tiieir 
lengths (ISO 10312). 

Chrysotile: the asbestiform habit of a mineral of the serpentine group that has the 
nominal composition: 

Mg3Si205(OH)4 

In some varieties of chrysotile, the silicon may be partially substituted by Al or less 
commonly by Fe. The magnesium may be partially substituted by Fe, Ni, Mn or Co. 
Some varieties contain Na, Cl or both. Chrysotile is a highly fibrous and silky variety 
and constitutes the most prevalent type of asbestos (Hodgson 1965). Also, see notes 
under the definitions for asbestiform, asbestos, and protocol structures when 
considering the health effects potentially attributable to chrysotile. 

Cluster: an assembly of randomly oriented fibers (see Chatfield 1993). 

Component Count: for any sample, a tally that includes the individually identified 
components of corrplex asbestos structures and each single asbestos structure with no 
identifiable components. 

Conditioning Filters: a collected at the beginning of a run while a sample is being 
conditioned. Under such circumstances, the tumbler is loaded with sample but is not 
running. However, humidity controlled air is being passed through the tumbler, through 
the elutriator, and into the filter mounts. 

Elutriator: a device in which differential flow through a fluid (gas or liquid) against an 
opposing force (i.e. gravity) is employed to separate particles by size. 

Equant Particle: as used in this document, a non-asbestos particle bound to, or 
overiapping with, asbestos structures observed on a TEM specimen grid. 

Equipment Blank: a filter collected from a mount over one of the openings atop the 
elutriator while air is passed through an empty tumbler assembly and tfie elutriator. 

Fiber: an elongated particle that has parallel or stepped sides. In this metiiod, fibers 
that potentially contribute to biological activity are restricted to those exhibiting 
dimensions consistent with protocol structures (see Berman and Crump 1999b). 

Fibril: a single fiber of asbestos that cannot be further separated longitudinally into 
smaller components without losing its fibrous properties or appearance. 

Fibrous Structure: a contiguous grouping of fibers, with or without equant particles. 
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Field Blank: a bulk material known to be free of asbestos that is packaged in such a 
manner so as to be indistinguishable from other field samples (for a particular project) 
and is sent to the laboratory for preparation and analysis using this method. 

Filter Blank: an unused filter that is analyzed to determine the background asbestos 
structure count on the filter matrix. 

Friable: as used in this document, capable of being crushed or deformed with the 
hand with the attendant release of fibers. 

Habit: the characteristic crystal form or combination of forms of a mineral, including 
characteristic irregularities. 

Identify: during asbestos analysis, the use of a sequential set of procedures to 
determine and confirm the mineralogy of a structure. 

Isokinetic Sampling: sampling air in such a manner so as not to disturb the direction 
or velocity of air flow at the point sampled. 

Isokinetic Sampling Tube: a tube placed in the air flow of the vertical elutriator 
portion ofthe dust generator used in this method, which samples the air at the top of 
the elutriator isokinetically. 

Laboratory Blank: an unused filter that is analyzed along with sample filters to 
determine tiie background asbestos structure count in laboratory air. 

Lot Blank: see filter blank. 

Matrix:^ A connected assembly of asbestos fibers with particles of another species 
(non-asbestos) (ISO 10312). 

Method Blank: a filter collected in a mount over one of the openings atop the elutriator 
while washed, play sand is tumbling under conditions appropriate for a routine sample 
run. 

PCM Equivalent Structure: a structure of aspect ratio greater than or equal to 3:1, 
longer than 5 pm, and which has a mean diameter between 0.2 pm and 3.0 pm for a 
part of its length greater than 5 pm. PCME structures also must contain at least one 
asbestos component (see Berman and Chatfield 1999a). 

'' The above definition applies when used to describe an asbestos structure. The term is also used in this 
document to describe a heterogeneous bull< solid. 
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Note that the definition of PCME structures is provided here primarily for 
historical perspective. 

Protocol Structure: an isolated structure or a component of a complex stmcture that is 
longer than 5 pm and thinner than 0.5 pm. When determining risk-related 
concentrations, protocol structures longer than 10 pm must be distinguished and 
separately enumerated because such structures are assigned a greater potency than 
protocol structures with lengths between 5 pm and 10 pm (see Section 2.1). When 
counting protocol structures to assess health effects, both isolated parent structures 
exhibiting the appropriate dimensions and qualifying components of nnore complex 
structures should be included in the count. 

Note, it has been observed that only a small fraction of the isolated particles 
produced by the degradation of minerals found in a nnassive habit qualify as 
protocol structures. In contrast, minerals found in an asbestiform habit tend to 
yield large numbers of protocol sti-uctures when mechanically or naturally 
disturbed. Therefore, the relative hazard associated with the asbestiform versus 
massive habits of a mineral may be related largely to the relative rate of release 
of (and the attendant levels of exposure to) protocol structures when such 
materials are disturbed under comparable conditions. Moreover, under 
conditions typically associated with quarrying and mining of materials containing 
small quantities of the massive forms of the asbestos-related minerals, the 
exposures attendant to the disturbance of such materials are generally not 
considered sufficient to warrant concern other than as nuisance dusts 
(OSHA 1992). Incidentally, protocol structures are defined in a manner that is 
consistent with the requirements recommended by Wylie to OSHA for 
distinguishing among structures that derive from asbestiform and non­
asbestiform habits, respectively (OSHA 1992, P. 24329). 

Respirable Dust: particulate matter in a size range capable of penetrating the deep 
lung and being deposited in terminal bronchioles and alveoli (beyond the reach of the 
ciliary escalator, see Berman and Crump 19991). This is further defined as particulate 
matter exhibiting an aerodynamic equivalent diameter less than 10 pm (Raabe 1984). 
The aerodynamic equivalent diameter of a particle is the diameter of a hypothetical 
spherical particle of unit density that exhibits the same settling velocity in air as the 
particle of interest. Due its size range, respirable dust is commonly abbreviated as 
PM,o. 

Riffle Splitter: a device composed of a hopper and multiple, uniform, parallel chutes 
that alternately feed from the hopper to opposing receiving trays. 

Scrubber: a device for removing particles from an air stream by passing the air stream 
through a super-saturated vapor in which the particles serve as nudeation centers for 
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condensation and are thus captured. The resulting droplets (containing the trapped 
particles) then fall back into a central reservoir of boiling liquid. 

Note that among the modifications to the dust generator from the Superfund 
Method that is defined in this modified elutriator method is to remove the 
scrubber from the dust generator assembly and to seal the ports for tiie scrubber 
with stoppers (see Section 6.3). Therefore, this definition is provided primarily 
for historical reference. 

Serpentine: a group of common rock-forming minerals having the nominal formula: 

MgjSiAlOH), 

Serpentine deposits often contain chrysotile asbestos (which is serpentine in an 
asbestiform habit). 

Silt: the fine material found in a bulk matrix. Silt is defined formally as material less 
than 70 pm in diameter. 

Structure Count: for any sample, a tally of each individually identified asbestos 
structure regardless of whetherthe sti"ucture contains identifiable components. This is 
equivalent to a count of the total number of separate asbestos entities encountered on 
the sample. 

Vertical Elutriator: see Elutriator. 

Tumbler: a device that is rotated to provide continuous agitation to a bulk material 
placed inside. In the dust generator employed in this method, air is blown through a 
tumbler containing sample to carry away the dust generated during agitation by the 
tumbler. 

Note that the tumbler incorporated into the dust generator that is required for 
sample preparation in this method is designed primarily to facilitate capture of 
respirable size particles in the air stream that flows through the tumbler. It is not 
intended to alter the bulk characteristics of the sample. 

Washed, Play Sand: a commercially available material composed of well-sorted sand 
that contains virtually nothing fine enough to be considered respirable. 
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5.0 SYMBOLS AND ABBREVIATIONS 

5.1 SYMBOLS 

Af - the area of a filter from which a specimen grid is prepared (mm'). 

Ago - the average area of a specimen grid opening (mm'). 

C(ĵ 3, - the concentration of asbestos structures (of a defined size and 
type) in the respirable dust from a sample (S/gp^n,) 

C^„^ - the concentration of asbestos structures (of a defined size and 
type) in the original field matrix that was sampled for analysis using 
this method. 

Cĝ pi - the concentration of asbestos structures (of a defined size and 

type) in a soil or bulk sample (S/g). 

cm - centimeter (10"'meter). 

cm' - square centimeter. 

cm^ - cubic centimeter. 

cm^/min- cubic centimeter per minute. 

d - the density of a particle (g/cm^). 

D,a,e - the estimated rate of deposition on a specific filter (g/s). 

°C - degrees centigrade. 

K - degrees Kelvin. 

0 

AM, - the mass of respirable dust collected on a single filter during the 
interval At (g). 

AMs - the mass of respirable dust released from the sample during the 

interval At (g). 

At - a short time interval (no more than 20 minutes). 

n - the dynamic viscosity of air (g/cm*s). 
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eV - electron volt. 

F̂ , - the percent of airflow (i.e. the % of the volumetric flow rate) through 
the top exit (ME) opening of the elutriator that does not pass 
through the isokinetic sampling tijbe (%). 

F̂ j - the percent of airflow (i.e. the % of the volumetric flow rate) through 
the top exit (IST) opening of the elutriator that passes through the 
isokinetic sampling tube (%). 

ft - foot. 

g 

g 

g/L -

g/cm^ -

hp -

k 

kg -

kV 

gram. 

the acceleration due to gravity (c 
an equation. 

gram per liter. 

gram per cubic centimeter. 

horsepower. 

the first order rate constant (s'^). 

kilogram (10^ gram). 

kilovolt. 

in - inch. 

L - liter. 

L/min - liters per minute. 

Mcoarse " the mass of the coarse fraction of a matrix sampled in the field. 

MDEP - the target deposition loading for an analytical filter. 

M, - the cumulative mass of respirable dust collected on filters from the 
start of a run to time, t (g). 

Mfî g - the mass of the fine fraction of a matrix sampled in the field. 

Mp - the mass of respirable dustin a sample at the start of a run (g). 

5-2 



M̂  - the cumulative mass of respirable dust released from a sample 
from the start of a run to time, t (g). 

Mg - the mass of respirable dust remaining in a sample during a run but 
after time, t (g). 

Msampie" the mass of a sample introduced into the dust generator (g). 

Mtc, - the total mass of respirable dust estimated to reside in a sample 

(g)-

ml - milliliter (10-'L). 

mm - millimeter (10"^ meters). 

mm' - square millimeter. 

pg - microgram (10"̂  grams). 

pm - micrometer (10"® meters). 

Ngo - the number of grid openings counted during a scan (#). 

nm - nanometer (10"^ meter). 

Pf - the pressure measured at a flowmeter (torr). 

P, - the pressure estimated at an elutriator opening (torr). 

%RD - the mass percent of respirable dust in a sample (%). 

r - the radius of a particle (cm). 

r' - the coefficient of determination (also defined as the correlation 
coefficient squared). 

Ra/d - the ratio of the number of asbestos structures (of a defined size 
and type) to the mass of respirable dust (S/gp^io)-

Rf - the flow reading from a flowmeter (cm/s). 

Rgit - the mass fraction of silt in a bulk matrix (gsii/gmairix) 

S - the number of asbestos structures. 
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Ŝ  - the number of asbestos structures (of a defined size and type) 
counted during a scan (#). 

Ŝ  - the number of asbestos structures that must be detected during a 
TEM scan for asbestos to be defined as detected (#). 

Sâ 3i - the required analytical sensitivity for this method (defined 

separately for total and long protocol structures) (S/gp^̂ ^o). 

s - second. 

S/g - structures per gram. 

S/gpMio- structures per gram of respirable dust. 

S/L - structures per liter. 

S/mm' - structures per square millimeter. 

t - time (s). 

topt - the time required to deposit a mass of M̂ep on a filter (s). 

Tf - the temperature at a flowmeter (°K). 

T, - the temperature at an exit opening of the eluti-iator (°K). 

V| - linear air flow rate (cm/s). 

V^ - the volumetric air flow rate (cm^/s). 

W - watt. 

5.2 ABBREVIATIONS 

ANOVA- Analysis of Variance 

ED - Electron diffraction 

EDXA - Energy dispersive X-ray analysis 

FWHM - Full width at half maximum 

HEPA - High efficiency particle absolute 
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IST - refers to the opening at the top of the elutriator that is associated 
with the isol<inetic sampling tube 

MCE - Mixed cellulose ester 

ME - refers to the main ex/Yopening at the top ofthe elutriator, which is 
not associated with the isokinetic sampling tube 

PC - Polycarbonate 

PCM - Phase contrast optical microscopy 

PCME- Phase contrast microscopy equivalent 

PLM - Polarized light microscopy 

PMio " Respirable dust 

RPM - Revolutions per minute 

SAED - Selected area electron diffraction 

TEM - Transmission electron microscopy 

TSP - Total suspended particulate 

UICC - Union Internationale Centre le Cancer 
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6.0 FACILITIES AND EQUIPMENT 

6.1 SAMPLE COLLECTION EQUIPMENT AND CONSUMABLE SUPPLIES 

To complete field sampling per this method, the following field equipment is mandatory: 

• survey equipment appropriate to the manner in which sample locations 
are to be defined per the sampling plan; 

• appropriate trowels, shovels, augers, or corers for sample collection per 
the sampling plan; 

• (when sampling surface materials) a 12 in square aluminum template with 
an 8 in square hole in tfie center; 

• a minimum of three 3-gal plastic buckets; 

• a brass or steel sieve with 3/8 in. (1 cm) openings; 

• a field balance (with a capacity of 40 kg and capable of achieving a 
precision of ± lOg); 

© a field balance (with a capacity of 2 kg and capable of achieving a 
precision of ± 0.2 g f 

• a riffle splitter with a minimum of 24, 3/4 in. (minimum size) chutes and 
three sample trays; 

• one L plastic sample containers; 

• sufficient plastic coolers to store and ship samples at ice temperature; 

• equipment for cleaning sampling tools, including: 
large buckets and tubs; 
a container of asbestos-free water; 
garden sprayers; 
bio-degradable detergent; 
assorted asbestos-free rags, sponges, etc.; 
an air compressor with HEPA filter (optional, for drying equipment); 

• field logbook and appropriate custody forms and sample labels; 

6 If appropriate equipment is available, it is advantageous to use a singie field balance to achieve both sets 
of capacity and precision requirements for field weighing. 
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assorted garbage bags, paper towels, and tape; 

Tyvek suits and protective gloves; and 

appropriate equipment for respiratory protection. 

6.2 LABORATORY FACILITIES 

Laboratories wishing to adopt this method must develop and maintain the following 
facilities: 

• a properiy ventilated room for bulk sample handling that is isolated from 
other room(s) in which air samples are handled and analyzed by TEM. All 
such facilities must be sufficiently well ventilated to allow preparation of 
blanks that yield background determinations satisfying the requirements 
of Section 10.6 ofthe Superfund air method (Chatfield and Berman 1990); 
and 

• a glove box or equivalent isolation chamber of sufficient size to house a 
riffle splitter (or other equipment) required for the homogenization and 
sub-sampling of samples for tiiis method. The glove box or isolation 
chamber must provide ample room for handling kg size soii or bulk 
samples while maintaining background concentrations in the outside room 
air at levels considered acceptable as defined in Section 10.6 of Chatfield 
and Berman (1990). 

6.3 LABORATORY EQUIPMENT 

Implementing this elutriator method requires use ofthe following equipment:: 

• a dustgenerator-elutriatorconsti^ucted per the specifications provided in 
Appendix A ofthe Superfund Method (Berman and Kolk 1997) and 
modified as follows: 

- reduction of the size of the exit tube leading from the tumbler to the elutriator 
(through the tumbler bearing). Insert a 1.75 in. length of standard 0.25 in. O.D. 
copper tube as indicated in Figure 6-1. The tubing is sealed in place with a 1.5 
in. sleeve constructed of 0.25 in. I.D. Tygon tubing, as depicted in the figure. 
Place the Tygon sleeve flush against inner face of the aluminum end plug. The 
copper tube extends approximately 0.25 in. into the tumbler body (beyond the 
end of the sleeve); 

- placement of a conical shaped plug that fits into the hole at the bottom of the 
elutriator, as depicted in Figure 6-2. The plug should fit snugly but remain 
sufficiently loose to be easily removed; 
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extension of the tube leading from the tumbler through the elutriator wall and 
bending downward toward the bottom ofthe elutriator. Using a removable 
attachment, extend the length ofthe 1.5 in. diameter X 0.625 in. wall stainless 
steel tubing so that it terminates no more than 0.5 in. from the bottom of the 
elutriator, as depicted in Figure 6-2. The extension may extend so that it just 
overiaps the top of the plug, but should leave ample clearance for free flow of air 
around the lip of the tube and up the outside of the tube into the main body of 
the elutriator; and 

plugging of the exit tube at the bottom of the elutriator and the side ports that 
originally led to the scrubber, as depicted in Figure 6-3. Place a No. 4 rubber 
stopper in each of the two exit ports of the elutriator, as depicted in the figure. 
Use a No. 8 rubber stopper to plug the hole at the bottom of the elutriator, as 
depicted in the figure. 

Note that plugging the hole at the bottom of tiie elutriator obviates the 
need for the glass cup that was mounted over the bottom hole in the 
original configuration ofthe device (Figure A-6 of Berman and Kolk 1997). 
This also eliminates the small opening in the cup that served as a second 
source of air into the elutriator in the original configuration (Figure A-1 of 
Berman and Kolk 1997). 

Note further that all modifications are designed such that the tumbler and 
elutriator can be returned to their original configuration (desaibed in 
Berman and Kolk 1997) within a matter of minutes; 

• a TEM operating at an accelerating potential of 80-120 kV, with a 
resolution better than 1.0 nm and a magnification range of approximately 
300 to 100,000. The ability to obtain a direct screen magnification of 
about 100,000 is necessary for inspection of fiber morphology; this 
magnification may be obtained by supplementary optical enlargement of 
the screen image by use of a binocular if it cannot be obtained directly. 
The TEM shall also be equipped with an energy dispersive X-ray analyzer 
capable of achieving a resolution better than 175 eV (FWHM) on the 
MnKo; peak. For requirements concerning screen calibration and SAED 
and ED perfomiance, see Chatfield and Berman (1990); 

• a computer system for recording analytical results. As indicated in the 
section addressing reporting requirements (see Chapter 12), analytical 
results are to be provided on computer disk (standard, high density 3.5 in 
or a readable/writeable CD) in a file format that is compatible with 
EXCEL™. ASCII files are acceptable; 

• a laboratory balance capable of mass determination with a resolution of 
0.00001 g (1 x 10"̂  g) with a capacity of 30 g; 
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• a laboratory balance capable of mass determination with a resolution of 
0.000001 g (1 X 10"' g) with a capacity of 200 mg; 

« a laboratory oven, minimum 1 cu. ft. capacity; and 

• a dessicator. 

6.4 LABORATORY SUPPLIES 

• One No. 8 rubber stopper. 

• Two No. 4 rubber stoppers. 

• One No. 3 rubber stopper with a three in. length of 1/4 in. copper tubing 
inserted through it and connected to about 5 ft. of 1/4 in. Tygon tubing. 

« Five pounds of CaN03»4H20. 

• Mixed cellulose ester (MCE) filters: 25 mm dia., 0.47 pm pore size. 

© Polycarbonate (PC) filters: 25 mm dia., 0.2 pm pore size. 

• Plastic petri dishes for storing 25 mm filters 
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Figure 6-1: Modification for Exit Hole of Tumbler 
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FIGURE 6-2: 
Elutraitor Bottom Modifications 
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Figure 6-3: 
Dust Generator Modifications 
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7.0 SOIL OR BULK SAMPLE COLLECTION 

Sample collection procedures adopted for this method are flexible to allow adequate 
sampling of a broad variety of matrices. The method also incorporates several field 
preparation steps that are designed to preserve sample representativeness while 
reducing the mass of the samples sent to a laboratory for analysis. Controlling the 
mass of the samples sent to a laboratory from the field is a cost saving measure; the 
less material that a laboratory needs to handle as hazardous waste, the lower the total 
cost of analysis. 

WARNING: 

MOST OF THE SAMPLE COLLECTION PROCEDURES AND FIELD 
PREPARATION PROCEDURES DISCUSSED IN THIS DOCUMENT ARE 
INHERENTLY DUSTY OPERATIONS. THEREFORE, WHEN HANDLING 
SOILS OR BULK MATERIALS THAT ARE KNOWN TO CONTAIN OR 
POTENTIALLY CONTAIN ASBESTOS, IT IS IMPERATIVE THAT PROPER 
RESPIRATORY PROTECTION BE WORN WHILE CONDUCTING THESE 
PROCEDURES. 

As indicated previously (see Section 2.2), measurements derived using this method 
serve as inputs for emission and dispersion models to predict airborne exposures 
attendant to disturbance ofthe sampled matrix. Such models also typically require 
measurement ofthe silt content ofthe sampled matrix. Therefore, it will generally 
prove prudent to collect at least a subset of samples for simultaneous characterization 
of the asbestos and silt content of each bulk matrix of interest. 

Importantly, however, asbestos concentrations and silt contents serve distinct functions 
within the emission and dispersion models that are used to predict exposure. For this 
reason, optimal strategies for sampling a matrix may differ when the goal is to 
determine asbestos or silt content, respectively. For example, silt content 
measurements are input into the mathematical terms ofthese models that reflect 
activity-specific relationships between the characteristics of the matrix and the 
magnitude of emissions. It is therefore important that silt content measurements be 
collected in a manner assuring that they are representative of the effects of the specific 
release activities being modeled. For example, silt content should be determined for 
the specific product of a crushing or grinding operation that needs to be modeled. 

In contrast, asbestos concentrations determined using this method are expected to 
reflect an inherent property of each of the materials sampled, which is largely 
independent of the effects of the release activities of interest (see Section 2.2). 
Therefore, locations from which soil or bulk samples are to be collected for 
determination of asbestos concentration shall be selected formally as part of a 
comprehensive strategy that is designed to provide a representative (unbiased) set of 
measurements for characterizing the overall mean concentration. 
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Although further consideration of such issues is required to identify appropriate 
sampling locations as part ofthe design of an effective field sampling plan, such 
considerations are addressed elsewhere (see, for example, Berman and Chesson 
unpublished) but are beyond the scope of this document. Rather, the remainder of this 
Chapter focuses on requirements for the collection and handling of individual samples 
at a site. 

7.1 SAMPLE COLLECTION 

Any variety of commercially available field sampling equipment (trowels, shovels, 
augers, corers, etc.) may be used to collect samples for this method. The equipment 
and procedure(s) selected should be based on the nature of the material being 
sampled and the depths over which samples are to be collected. Two common 
examples are presented in the original Superfund Method (Berman and Kolk 1997) so 
that only a general overview is provided here. Importantly, whatever equipment and 
procedures are chosen for sampling a particular matrix, they should be applied 
consistently and invariably at each sampling location within that matrix. 

Whatever technique is chosen, the target minimum size sample to be collected at each 
sampling location shall be 1 kg^. Larger samples may be required, however, if 
particulariy large (i.e. larger than a 4 or 5 cm in diameter) rocks or debris are present in 
the material being sampled. To assure representativeness, the largest component 
sampled should occupy no more than a few percent of the volume of the sample 
collected (Berman and Kolk 1997). Procedures for compositing samples, if this is 
desirable, have also been previously presented (Berman and Kolk 1997). 

All sampling equipment shall be washed thoroughly with water and detergent between 
collection of each sample. Sampling equipment shall then be rinsed thoroughly with 
filtered, distilled water and allowed to air dry. Forced air may be used to expedite 
drying. If forced air is to be used to facilitate drying, however, such air must be passed 
through a HEPA filter to prevent delivery of any potential contamination. 

Record the identification number, the date, time, and method of collection for each 
sample in a field notebook. Record the locations from which each sample is collected 
in the field notebook. Note in the logbook any changes between the sampling locations 
proposed in the sampling strategy and the actual locations sampled. As indicated 
previously (Berman and Kolk 1997), such changes are to be avoided to the extent 

It may be impossible to collect kg-size samples for certain types of matrices (e.g. settled dust or 
manufactured asbestos products) that may be sampled for analysis using this method. The method can 
handle samples as small as 10 g, although samples smaller than 40 g require special preparation (see 
Section 8.3). When samples smaller than 1 kg are collected for field preparation and then analysis using 
this method, the interpretation of results requires special care. For small samples, for example, it is critical 
to address the consequent limitations that may be associated with compositing or sample homogenization, 
which may in turn affect representativeness. 
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possible. If changes are absolutely necessary, cleariy document the rationale behind 
each change. 

Supplement written documentation with photographs of each sampling location. This is 
particulariy important ifthe sampling locations are not laid out on a formal, documented 
sampling grid that is tied to a permanent field marker. 

7.2 FIELD PREPARATION 

The specific procedures to be employed for field (and laboratory) preparation will differ 
depending on the nature ofthe matrix sampled. Consolidated solids (such as rock 
samples), for example, will need to be coarse crushed so that the majority of the 
sample ultimately passes through a 1 cm (3/8 in.) sieve. Such crushing must also be 
performed in a manner assuring that any fines produced during crushing will be 
preserved as part of the sample. Alternately, samples that are composed exclusively of 
fine material to begin with (such as settled dust) can likely be weighed, packaged, 
labeled, and sent directly to the laboratory without field preparation. 

Most field samples will ultimately be handled as unconsolidated, heterogeneous solids. 
Such materials need to be weighed, separated into a coarse and fine fraction by 
passing the sample through a 1 cm (3/8 in) sieve, separately weighing the resulting 
coarse and fine fractions, homogenizing the fine fraction, splitting the fine fraction to 
produce samples weighing between 40 and 70 g each, and packaging, labeling, and 
shipping such sample splits to the laboratory for analysis. Detailed procedures for 
weighing, sieving, homogenizing, splitting, packaging, labeling, and shipment have 
previously been provided (Berman and Kolk 1997). 
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8.0 SAMPLE PREPARATION BY DUST GENERATION 

The priniary purpose for sample preparation by dust generation that is described in this 
section is to generate dust-laden filters that can be prepared (by direct transfer) for 
analysis by TEM to determine the concentration of protocol structures (see Chapter 2). 
The mass of respirable dust, which is deposited on such filters in coincidence with the 
asbestos, is also determined by weighing the filters. Dust and asbestos measurements 
are then combined so that asbestos concentrations can be appropriately reported as 
structures per mass of respirable dust (S/gp^io)-

A detailed description of the apparatus employed for dust generation and its theory of 
operation is provided in Appendix A of Berman and Kolk (1997). Specifications and 
construction drawings are also provided in that document. Modifications to the original 
dust generator, which are required to support measurement using this modified 
elutriator method, are described in Section 6.3 of this document. 

8.1 SAMPLE RECEIVING AND STORAGE 

All samples received from the field are to be wiped clean with a damp doth prior to 
storage or other handling. Samples to be prepared using the dust generator are to be 
inspected for the presence of free water. If a sample contains free water or if the 
sample appears visibly moist, it shall be dried at low temperature. Dry the sample in an 
open, shallow container in an oven that is maintained at a temperature below 60° C 
until the sample comes to constant weight. Note that oven-dried samples may require 
additional time for conditioning (Section 8.5.2) because the moisture content of the 
sample will need to be inaeased to bring it into equilibrium with conditions prevailing in 
the dust generator. 

Once dry, samples between approximately 40 g and 70 g can be loaded directly into 
the tumbler of the dust generator (Section 8.5.1 )^ Larger samples must be 
homogenized and split, as described in Section 8.2, priorto being placed in the 
tumbler. Smaller samples need to be diluted by mixing with a known mass of washed, 
play sand prior to loading into the tumbler of the dust generator (see Section 8.3). 

8.2 SAMPLE HOMOGENIZATION AND SPLITTING IN THE LABORATORY 

Samples received from the field that are larger than approximately 70 g must be dried, 
as described above, and homogenized and split as described in this section. 

Generally, the denser the sample, the larger the mass that can be tolerated. Ideally, the tumbler should be 
one-quarter full. Higher volume samples will need to be split prior to loading the tumbler. Lower volume 
samples will need to be diluted with washed, play sand. The optimum volume for a sample is 
approximately 36 cm^ 

8-1 



WARNING: 
BECAUSE ASBESTOS CONTAINING DUSTS MAY BE GENERATED FROM 
THE HANDLING AND PREPARATION OF BULK SAMPLES, ALL OF THE 
FOLLOWING PREPARATION STEPS SHALL BE PERFORMED IN A 
PROTECTIVE ENCLOSURE (I.E. A HEPA FILTERED GLOVE BOX OR AN 
APPROVED FUME HOOD THAT IS DESIGNED TO MINIMIZE EXPOSURE TO 
LABORATORY PERSONNEL). 

As with field homogenization and splitting (described in Section 8.2.3 of Berman and 
Kolk 1997), either of two options may be selected for homogenization and splitting in 
the laboratory. When performed in the laboratory, however, such equipment must fit 
within an appropriately designed, protective enclosure, which is why field preparation 
may be cost-effective. 

Homogenize large volume samples in precisely the same manner as described in 
Section 8.2.3 of Berman and Kolk (1997). Once samples are homogenized, split 
samples in precisely the same manner as described in the same section of that 
document. Continue splitting until a paired set of samples are produced that each 
contain between approximately 40 g and 70 g of material (or a target volume of 36 
cm^). Record in a laboratory notebook the final masses and identification numbers of 
the samples that are homogenized and split. 

8.3 DILUTING SAMPLES WFTH WASHED, PLAY SAND 

Samples that are smaller than approximately 40 g shall be diluted with washed, play 
sand prior to loading in the tumbler. 

Weigh out a mass of sand such that the sum of the mass of sand and the mass of the 
sample of interest will total approximately 70 g. The sand and sample can be mixed 
directly in the tumbler. Layer half of the sand into the tumbler (in the manner described 
in Section 8.5.1) so that the material is deposited evenly across the tumbler's bottom. 
The sample shall then be layered over the sand so that it too is uniformly spread across 
the sand at the bottom of the tumbler. Finally, layer the rest of the sand over the top of 
the sample material so that it too is deposited uniformly across the bottom of the 
tumbler. It is anticipated that the rotation of the tumbler during the initial 1 hour or so of 
a run, prior to the start of filter collection for asbestos analysis (see Section 8.5.4), will 
be adequate to homogenize the mix of sand and sample. Alternately, the sand and 
sample may be thoroughly mixed (by shaking together in a sealed plastic bag) prior to 
placing the mix in the tumbler. This latter approach may be preferable because it may 
lessen the time required for dust generation to stabilize (see Section 8.5.4). 

Note, the washed, play sand that is commerdally available is generally free of 
asbestos and contains minimal respirable material. Prior to using such material 
in this method, however, the sand must be analyzed to confirm its "purity." To 
analyze the material, place approximately 70 g of candidate sand in the tumbler 
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of the dust generator. Then, follow all of the steps described in this chapter for 
generating filters (including sample conditioning and dust generation). As with 
normal runs, let the dust generator run for about an hour before collecting filters 
for measurement (Section 8.5.2). 

Collect any asbestos (and the associated dust) generated from the sand on 
filters mounted on the IST opening ofthe elutriator. Continue passing air 
through such filters for a period at least five times as long as anticipated to be 
required for loading filters from actual asbestos samples of interest (see 
Section 8.5.5). The mass of respirable dust deposited on filters over the IST 
opening of the elutriator from such a run (with the candidate sand) shall then be 
weighed. Sand can only be used to dilute low volume samples for this method if 
it exhibits no detectable dust (i.e. less than 5 pg) based on weighing of the filters 
generated as defined above. 

The filters generated from this run with the candidate sand must then be 
prepared by direct transfer for TEM analysis and analyzed for the determination 
of asbestos content. Asbestos loading on the sand filters shall be demonstrated 
to be less than 1 structure in 200 grid openings. Two random samples shall be 
collected from each 25 kg (50 Ib) bag of washed, play sand and analyzed as 
described above to qualify the sand for use. 

Importantly, the largest size particles that can be tolerated on smaller volume samples 
(to assure adequate homogeneity) are somewhat smaller than the 1 cm target 
maximum that has been defined forthis method. Forexample, although 1 cm size 
particles are probably tolerable for samples approaching 40 g total mass, particles no 
larger than approximately 0.5 cm should be tolerated in samples weighing only 10 g. 
Field preparation techniques recommended for preparing samples that are shipped to 
the laboratory for analysis using this method should be adjusted to assure adequate 
homogenization (that preserves the representativeness of such samples) when the 
availability of or access to bulk matrices of interest limit the size of samples that can be 
collected. 

8.4 DUST GENERATOR SETUP 

Prior to using the dust generator, a supply of at least 15 MCE filters must be 
conditioned and stored for use. The constant humidity chamber must be loaded with 
the appropriate solution, and air flow within the dust generator must be calibrated and 
adjusted, 

8.4.1 Conditioning a Stock of Filters 

A stock of at least 15 filters (0.45 pmpore size, 25 mm diameter), all from the same 
filter lot, must be conditioned in a desiccator overnight to bring them into equilibrium 
with the relative humidity at which they will be used during a run. Place the 15 MCE 
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filters in a desiccator containing moist saW of the same variety as that selected to fill the 
pans in the humidity control chamber ofthe dust generator (Section 8.4.2). For most 
applications, this will be CaN03-4H20 (see Appendix A of Berman and Kolk 1997). 

After storing the filters overnight in the desiccator, pre-weigh each filter to a minimum 
precision of ±0.00002 g. Each filter shall then be placed in a separate, covered Petri 
dish with its weight marked on the top of the container. The lids shall also be numbered 
sequentially and the filters shall all be used during the run in the order numbered. 

Ten polycarbonate filters of either 0.1 or 0.2 pm pore size shall also be weighed on a 
microbalance with a precision of ±0.000002 g. The polycarbonate filters are not 
sensitive to humidity changes in the range of 40 to 55% RH. This range can be 
achieved in an air conditioned office environment. The 0.2 pm pore size is suitable for 
collecting protocol structures, as required by this method. The 0.1 pm pore size filters 
are recommended, if fibers as short as 0.5 pm in length are to be collected and 
counted. 

8.4.2 Initiating Humidity Control 

Use asbestos-free (filtered, distilled) water to make a 2 L solution of saturated salt. As 
indicated previously, for most applications, use CaN034H20, but other salts may be 
used for specific applications (see Appendix A of Berman and Kolk 1997). 

Prepare the solutions by placing 1000 g ofthe CaNOj^HjO into a one L container and 
adding distilled water to fill the container. The container should be kept capped except 
when adding additional water or salt on succeeding days, as necessary, until it appears 
that the solution has stabilized (i.e. no changes in the relative amounts of water and 
salt are apparent from one day to the next). The solution may also be agitated to 
accelerate dissolution of the salt and the approach to equilibrium. No water or salt 
shall be added less than 24 hours from the time that the mixture is to be used, because 
adequate time is required for the salt solution to come to stable equilibrium. 
To load the salt solution, open the top ofthe humidity control chamber and remove the 
two pans. Fill each pan with the saturated salt solution being sure that about 25% by 
volume undissolved salt is also transferred to each pan. Replace the pans and replace 
the front panel of the plastic enclosure; air should enter the enclosure primarily from the 
top opening. 

8.4.3 Adjusting the Initial Air Flow 

The air flow within the various components of the dust generator must be adjusted so 
that flow within the vertical elutriator will properly separate and pass only respirable 
particles. Based on the discussion presented in Appendix A (Section A.2.3), the proper 
linear flow rate in the elutriator shall be set at 0.31 cm/s, which is 5% greater than the 
Stokes' velocity estimated forthe largest spherical, respirable particles (i.e. those with 
an aerodynamic diameter of 10 pm and unit density). 
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Next, calculate the required volumetric air flow, V ,̂ within the elutriator using 
Equation 8-1: 

V, = 81.rV, (8-1) 

where: 

V| is the estimated linear flow rate required to separate respirable 
particles (i.e. 0.31 cm/s); and 

V^ is the corresponding volumetric flow rate (cm^/s) through the elutriator. 

The coefficient, "81.1", in Equation 8-1 corresponds to the cross-sectional area ofthe 
elutriator (in cm^) with the internal diameter given in the drawings supplied in the 
Supert'und Method (Berman and Kolk 1997)^ 

Note: the following discussion, which describes procedures both for adjusting air 
flow within the dust generator and for checking for leaks, assumes familiarity 
with the component pieces of the dust generator. It is therefore recommended 
that the reader familiarize themselves with the operation of the dust generator by 
reading Chapter 9 and Appendix A of Berman and Kolk (1997), prior to 
proceeding with the rest of this section. 

8.4.3.1 Determining proper air flow for a dust generation run. Using Equation 
8-1, Vy is calculated to be 25.14 cm^/s. This is the volumetric flow rate that must be 
maintained in the elutriator to prepare filters suitable for analysis by this method. This 
flow must then be divided between flow out of the ME opening of the elutriator and the 
IST opening of the elutriator. 

Given the specifications indicated in the construction drawings for the elutriator 
(Figures A-15 and A-17 in Appendix A of Berman and Kolk 1997), the cross-sectional 
area ofthe isokinetic sampling tube is 4.7% ofthe total internal cross-section ofthe 
elutriator. Therefore, during a run, flow must be adjusted so that 4.7% of the flow in the 
elutriator (1.19 cm^/s or 72 ml/min) passes through the IST opening of the elutriator and 
the remaining 95.3% (23.9 cm^/s or 1,430 ml/min) passes through the ME opening. 

Note, if the design of the elutriator being used for this method differs from that 
defined in Berman and Kolk 1997 (and modified as described of Section 6.3 of 
this document), airflow requirements will have to be adjusted accordingly. 

If the design of the dust generator being used for this method differs from the that defined in Berman and 
Koik 1997, Equation 8-1 will need to be adjusted accordingly. 
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To prepare for a run, the elutriator must first be properiy set up. Filter cassettes should 
be attached to the flowmeters and the pumps of the dust generator through the 
stopcocks as shown in Figure 8-V°. Appropriate filters must then be mounted in each 
of the four cassettes: 0.45 pm MCE filters (over backing pads) are mounted in the filter 
cassettes over the ME opening ofthe elutriator and 0.2 pm polycarbonate filters (with 
0. 45 pm MCE filters as backing pads) are mounted in each filter cassette ofthe IST 
filter assembly." 

A FILTER CASSETTE CONTAINING A 0.45 pm MCE FILTER AND BACKING 
PAD IS ALWAYS PLACED BETWEEN EACH PRECISION FLOWMETER AND 
ITS CORRESPONDING PUMP FOR SAFETY REASONS. THIS IS TO 
PREVENT ASBESTOS FIBERS FROM BEING PUMPED INTO LABORATORY 
AIR SHOULD ONE OF THE FILTER CASSETTES ON THE DUST 
GENERATOR FAIL OR SHOULD SOMEONE INADVERTANTLY FORGET TO 
MOUNT A FILTER INTO ONE OF THE SLIDER CASSETTES DURING 
OPERATION. 

When the elutriator is being run, each stopcock is positioned so that the active filter on 
each slider is the only one connected to its pump. Just before an adive filter is 
switched, stopcock(s) are adjusted so that flow is now directed through both the active 
and the inactive filter on a slider. The slider is then repositioned to place the new filter 
over the opening of the elutriator. Stopcock(s) are then adjusted again so that flow to 
the old (previously active filter) is shut off and all of the flow is now directed through the 
new, active filer. 

Note: when a slider is being repositioned with both stopcocks open (or a 
corresponding, three-way stopcock adjusted to allow flow to both filters), the flow 
out of the elutriator is never completely shut off because the space between the 
two filter mounts on the slider is less than the diameter of the hole into the 
elutriator. 

Once the elutriator is properiy configured, the flow meters calibrated, and the tumbler 
loaded (Section 8.5.1), the dust generator is ready for use. Turn on the pumps and 
adjust flow so that the required 1,430 ml/min pass through the ME opening of the 
elutriator (with a loaded filter mounted over the opening) and the required 72 ml/min 
pass through the IST opening and the associated filter cassette^^. Check for variation 

11 

12 

One modification to the setup depicted in Figure 8-1 that has proven helpful is to replace each assembly of 
multiple stopcocks and glass "Y" tubes depicted in the figure with single, three-way stopcocks. 

The indicated configuration is appropriate for measurement of protocol structures, which are all longer 
than 5 pm. If there is a need to count shorter structures, use 0.1 |Jm pore size PC filters in the cassettes 
over the IST opening of the elutriator. 

It has been observed that increasing the flow through the IST opening increases the efficiency of 
deposition on filters mounted over this opening. If necessary to facilitate collection, flow through the IST 
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in flow as sliders and valves are adjusted (as when "changing out" filters) during a run 
and correct accordingly. Flow through the ME opening should vary by no more than 
± 10% from the required value as flow is switched between the two filter mounts onthe 
associated slider. Flow through the IST opening should vary by no more than -0% to 
+20% as flow is switched between the two filter mounts on the associated slider. 
Importantly, the tolerance range is adjusted upward for the IST opening so thatthe 
minimum acceptable volume flow rate is the target value. It is, however, acceptable, for 
air flow in the IST opening to slightly exceed the target value. 

8.4.3.2 Checking for leaks. The filter assembly over the IST opening of the 
elutriator shall first be checked for leaks prior to assembling the dust generator for a 
run because the low flow rate in this filter assembly (i.e. 72 ml/min) makes it very 
sensitive to small leaks. Similar leaks do not affect the performance of the filter 
assembly over the ME opening ofthe elutriator because flow in this assembly is so 
much higher under normal operating conditions. 

To check the integrity ofthe filter assembly over the IST opening, remove the top 
section off the elutriator and insert the No. 3 stopper with the Tygon tubing into the 
bottom of the isokinetic tube. Place a backing pad and filter into each cassette on the 
slider. Next open the stopcock(s) that connect one filter of this assembly to the 
entrance end of one of the 375 ml flowmeters. The exit end of this flowmeter (which is 
the flowmeter that will read air flow through the IST opening during actual dust 
generator runs) is then connected through a filter cassette to a pump. 

A FILTER CASSETTE CONTAINING A0.45 pm MCE FILTER AND BACKING 
PAD IS ALWAYS PLACED BETWEEN THE FINAL FLOWMETER AND THE 
PUMP FOR SAFETY REASONS. THIS IS TO PREVENT ASBESTOS FIBERS 
FROM BEING PUMPED INTO LABORATORY AIR SHOULD ONE OF THE 
FILTER CASSETTES ON THE DUST GENERATOR FAIL OR SHOULD 
SOMEONE INADVERTANTLY FORGET TO MOUNT A FILTER INTO ONE OF 
THE SLIDER CASSETTES DURING OPERATION. 

Position the filter with the open stopcock(s) so that it is aligned directly over the IST 
opening on the elutriator top. Connect the tubing from the stopper at the bottom ofthe 
isokinetic sampling tube to the exit end of another 375 ni flowmeter, the entrance to 
which is left open to the air. 

When the pump connected to the filter assembly in the manner described above is 
turned on, the flow path is from the air, through the first flowmeter, into the bottom of 
the isokinetic sampling tube, through the IST opening at the top of the elutriator, 
through the active filter cassette, through the second flowmeter (which is the flowmeter 
that will read air flow during actual dust generator runs), through the safety filter 
cassette, and to the pump. 

opening can be increased by as much as 70% over its nominal value. This has virtually no effect on the 
overall operation of the elutriator. 
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Turn the pump on and adjust the flow through the filter to the 72 ml/min level on the 
second flowmeter (i.e. the one that will be used to monitor flow during actual runs). 
The first flowmeter should also read the same flow within 7%. If the difference is 
greater than 7%, the system shall be checked for leaks. When both flowmeters read 72 
ml/min plus or minus 7%, the stopcocks should be switched so that flow now occurs 
through both filters on the slider and the readings again compared. Both should still 
read 72 ml/min ± 7%.. The slider shall then be positioned with the second filter over 
the IST opening and the stopcock(s) adjusted to direct flow only through the second 
filter. The readings on the two flowmeters should remain the same, within the stated 
tolerance. 

It is prudent also to check for leaks in the assembly over the ME opening of the 
elutriator. To accomplish this, remount the isokinetic tube onto the opening for the ME 
filters and repeat the above-described procedure at the same /oi/vflow rate to check for 
leaks in the filter assembly over the ME opening. If no leaks are detected in that slider 
assembly, the isokinetic tube is returned to its original position (under the IST opening) 
in preparation for a run. 

Once leak detection is complete, the elutriator can be reassembled in preparation fora 
run. 

8.5 DUST GENERATOR OPERATION 

To prepare asbestos samples using the dust generator: load the tumbler, condition the 
bulk sample, wait for dust generation to stabilize, and collect appropriately loaded 
filters for asbestos analysis by TEM following preparation by direct transfer. 

8.5.1 Loading the Tumbler 

Detach the tumbler from its drive motor and the vertical elutriator and remove it from 
the plastic enclosure at the bottom of the dust generator (see Appendix A of Berman 
and Kolk 1997). Place the tumbler on a support surface and open the top for loading. 
Be sure that the tumbler is clean prior to loading. 

Introduce a sample by holding the sample container against the inner lip of the tumbler 
and tilting the container so that the sample pours smoothly into the tumbler. Move the 
sample container back and forth along the length ofthe tumbler to facilitate uniform 
deposition ofthe sample in the tumbler. When pouring is complete, tap the sample 
container vigorously so that the quantitative transfer is complete. The masses of 
samples introduced into the tumbler shall range between 40 g and 70 g. Larger 
samples shall be homogenized and split prior to loading as described in Section 8.2. 
Samples smaller than 40 g can also be run by first diluting them with washed, play sand 
(Section 8.3). 
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Shake the tumbler gently to assure uniform deposition of the sample within the tumbler, 
which should be no more than about one quarter full. Be sure that the rubber gasket on 
the tumbler is in good repair and properiy seated. Replace the gasket if it is worn. 
Secure the top of the tumbler with 10 screws and replace the tumbler within the plastic 
enclosure at the bottom of the dust generator. Reattach the elutriator entrance tube and 
D.C. motor to the tumbler (see Appendix A of Berman and Kolk 1997). 

8.5.2 Conditioning the Sample 

Before conditioning the sample, be sure that the dust generator has been properiy set 
up. This means, check that: 

• the pans in the constant humidity chamber have been filled with saturated salt 
solution; 

• appropriate size and type filters have been mounted in each of the four cassette 
mounts on the slide mechanisms atop the elutriator, 

• air flow valves have been properiy set; and 

• all air lines between the dust generator, flow valves, and pumps are properly 
configured (see Section A.l .1 of Appendix A of Berman and Kolk 1997). 

To condition the sample, turn on all pumps and begin the flow of air through the dust 
generator. DO NOT TURN ON THE TUMBLER MOTOR. Allow the flow of air to 
continue for a minimum of two hours before beginning a run. 

8.5.3 Initiating a Run 

Once the sample has been conditioned, set the tumbler drive motor to 30 rpm and turn 
it on. Simultaneously, move the two slide mechanisms at the top of the elutriator so 
that new, clean filters are now aligned over both the ME and IST openings of the 
elutriator. Be sure to change the valve orientations on the lines leading to the filters so 
that air flow is directed through both filter cassettes of each slider while the sliders are 
moved and then to the filter cassettes that are newly aligned with the elutriator 
openings. 

Replace the filters originally aligned over the elutriator openings (but no longer aligned) 
with clean filters and weigh and store the old filters in labeled Petri dishes. These filters 
are conditioning filters and may be useful for isolating a problem should corrective 
actions be required. 
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8.5.4 Monitoring to Confirm Stable Dust Generation 

The rate of respirable dust generation is monitored at the start of a sample run to 
indicate when conditions have stabilized^^ Filters to be used for determination 
asbestos concentration shall only be collected after dust generation has stabilized. 
Dust generation is monitored by recording the deposited mass on each of a set of filters 
that are sequentially changed out of the filter mounts over the ME opening of the 
elutriator at defined, regular intervals. 

Initially, change out the filters aligned over the ME opening ofthe elutriator at intervals 
of between ten and twenty minutes. The change is accomplished by moving the slide 
mechanism to switch a new filter into alignment at the same time that the old filter is 
switched out of alignment. Prior to sliding the filters, be sure to adjust the stopcock(s) 
so that flow is simultaneously directed to both the active filter (i.e. the one over the 
opening to the elutriator) and the inactive filter (i.e. the one that is out of the line of air 
flow). 

After sliding the new filter into alignment, tum the associated stopcock(s) so thatthe air 
flow is directed only through the new filter. Dismount and replace the old filter (the one 
previously exposed to the air stream from the elutriator) with a fresh filter and place the 
exposed filter in the Petri dish in which it was initially stored after the determination of 
its tare mass. Repeat this process at regular intervals to generate a series of filters 
that represent dust sequentially collected from the air flow in the generator. If required 
to better understand this process for monitoring dust generation, a more detailed 
description is provided in Section 9.4.4 of Berman and Kolk (1997). 

Along with the proper identifier, record the times during which air flow is started and 
halted for each filter. Weigh each filter after dismounting. Record the initial and final 
masses ofthe filter and the net mass of dust deposited on the filter (i.e. the difference 
between the initial tare mass and the final mass). Determine the net amount of time 
during which dust was being deposited on the filter by subtracting the start time from 
the stop time (in seconds). Then compute the average rate at which dust was 
deposited on the filter by finding the ratio of the net mass deposited to the net time over 
which deposition occurred. 

After collecting dust on the first two or three filters, the interval over which dust is 
collected on each filter may be optimized. The ideal mass of dust to be deposited on 
each filter is between 0.002 and 0.006 g. Estiniate the interval of time required to 
deposit approximately 0.006 g and exchange later filters at the optimum rate. When 
adjusting the time for dust deposition, however, be sure to avoid depositing more than 
0.006 g of dust on any filter because the probability that a portion of the deposit will be 
lost during handl ing increases as the mass of the deposit on the filter increases. 

Dust generation can also be monitored and modeled for extended periods, if there is a desire either to 
estimate the absolute concentration of respirable dust in the original sample or to explore the dynamics of 
dust generation for the particular matrixbeing analyzed (see Berman and Kolk 1997 for details). 
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Once dynamic equilibrium is achieved, so that dust generation stabilizes, the rate of 
release of dust from a sample in the tumbler has been shown to decrease slowly and 
regulariy with time as the reservoir of dust within the sample is depleted. Such decay 
has been shown to follow first-order kinetics (see Section A.l ofthe Appendix). 

That dust generation has stabilized will be apparent when the computed rate of dust 
deposition on each subsequent filter that is collected over the ME opening of the 
elutriator indicates a slow, monotonic decrease with time". Rate estimates for 
individual filters should not vary from their nominal value (predicted from a linear trend) 
by more than 5%. When this pattern is observed, filters can then be collected over the 
1ST opening of the elutriator for determination of the concentration of asbestos (Section 
8.5.5). Typically, about an hour of run time is required before conditions stabilize 
sufficiently to allow collection of filters for asbestos analysis. 

8.5.5 Collecting Filters for Asbestos Analysis 

In preparation for collecting filters for asbestos analysis, estimate the time that will be 
required for optimal deposition. Estimate the optimum time required to collect dust on 
the filters to be used for asbestos analysis using Equation 8-2. 

t„p, = 20*M,,p/D,„3 (8-2) 

where: 

top, is the time required to collect a filter deposit of mass M̂ p̂ (s); 

M̂ep is the target mass of the deposit on the filter (g); and 

D̂ate is the estimated rate of deposition forthe specific run over the time 
interval of interest (g/s). 

The derivation of Equation 8-2 can be found in Section A.2.2 of the Appendix. 
Equation 8-2 is simply a recapitulation of Equation A-10, with the terms redefined. 

Recent experience with this method (Kolk unpublished) indicates that the optimum 
loading for filters to be prepared for asbestos analysis using this method is 
approximately 100 pg of respirable dust By substituting this value for IVl̂ gp, Equation 
8-2 can be further simplified: 

t„p, = 0.002/D,3„ (8-3) 

where all terms have been previously defined. 

"* In some cases the rate of decrease is so small that the rate of dust deposition appears steady. 
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The D̂atg in Equation 8-3 is estimated simply from the deposition rates estimated from 
the last set of filters collected over the ME opening of the elutriator. t„p, can then be 
derived accordingly. To expedite asbestos measurement using this method, it is 
recommended (but not required) that a set of multiple filters be collected, which bracket 
the optimum collection time estimated using Equation 8-3. After superficial examination 
of gird specimens prepared from such filters, the optimally loaded filter can then be 
selected for final analysis. 

Note: to collect optimally loaded filters over the IST opening, the flow rate 
through the opening may be increased by as much as 70% over its nominal 
value. Although this will have no impact on elutriator performance, dust 
deposition over the IST opening has been found to be very sensitive to minor 
changes in this flow rate. 

Dust is collected on filters mounted over the IST opening in the same manner 
previously described for filters mounted over the ME opening of the dust generator. 
Polycarbonate (PC) filters shall be used for collecting asbestos samples because PC 
filter masses have been found to be less affected by hunridity changes than MCE filters 
(Kolk unpublished). Filters should be left in line with the air flow over the IST opening 
for the period oftime approximately equal to t̂ p, (estimated using Equation 8-3). 

Following dust collection, each PC filter shall be weighed on the microbalance to 
determine whether the target dust mass was successfully collected. Unfortunately, a 
substantial electrostatic charge builds up on these filter during deposition and this 
charge must be neutralized before an accurate weight can be obtained. 

Cahn, a manufacturer of microbalances, sells radioactive sources that can be placed in 
the weighing chamber and also sells solutions of radioactive salts that can be used to 
coat the inside of the weighing chamber. There is a technical note available from Cahn 
indicating how to minimize the effects of electrostatic charge. Care must be taken 
when eliminating static charges to assure that particles are not loss from the filter 
surface. Another way to eliminate charges on a filter is to place the filter in a covered 
Petri dish lined with a conducting material that is ground and that is maintained at a 
high relative humidity, but not sufficiently high to cause condensation. The filter is left 
for several hours to allow the charge to dissipate. Although this latter method is slower 
than using a radioactive source to neutralize charge, it has been found to be less 
problematic (with much lower potential for disturbing the dust deposit on the filter). It is 
this latter procedure that was used during method tests and found to be satisfactory. 

It is recommended that approximately five filters be collected for asbestos analysis 
during each run with the loading on each such filter increased sequentially by 
increasing deposition time. If there appears to be difficulty obtaining adequate 
deposits on these filters, the air flow through the isokinetic sampling tube can be 
increased by as much as 70% beyond nominal to facilitate particle collection. This will 
have virtually no impact on the elutriator's ability to separate respirable and non-
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respirable particles. The filter chosen for preparation and TEM analysis shall be the 
filter that exhibits a deposited mass closest to 100 pg. 

After the five filters are collected, the run may be terminated. However, it is 
recommended that the dust generator assembly be left undisturbed until the PC filters 
are determined to be satisfactory for TEM examination. 

When the static charge has dissipated to the extent that it does not interfere with 
weighing, the PC filters shall be weighed. If one or more of the filters is within 10% of 
the target weight of deposit (100 pg), the tumbler can be emptied, the remaining 
material archived, and the elutriator cleaned. 

8.6 CLEANING THE DUST GENERATOR 

8.6.1 Cleaning the Elutriator 

The dust generator is designed for quick and easy assembly and disassembly to 
facilitate cleaning. Most of the joints are simple friction couplings or ring clamp 
couplings. To clean the dust generator, carefully disconnect and disassemble the 
tumbler, remove the plug and dust collector system from the elutriator, decouple the 
sections of the elutriator tube, disassemble the slide mechanisms ofthe dust collector. 
Be careful to not disturb or spill any of the dust on the bottom and sides of the 
elutriator. Conduct the transfer of all material left in the elutriator to a container that 
can be capped. The metal pieces ofthe dust generator may then be washed with 
biodegradable detergent and rinsed with asbestos-free water. The pieces may then be 
left to dry in room air or may be dried with a forced, HEPA-filtered air stream. Discard 
asbestos containing waste according to applicable regulations. 

8.6.2 Optional Method for Disassembling the Elutriator 

An optional cleaning procedure for soils that are believed to be heavily contaminated 
with respirable asbestos is as follows. Use a 1/2 gallon size pressurized tank garden 
spray to wet the inside of the elutriator. The ME filter holder is removed to expose the 
opening at the top ofthe elutriator and the mist spray is injected into the opening until 
the contents of the elutriator are lightly wetted. The spray is also applied to the 
connection to the tumbler while detaching the tumbler from the elutriator. The spray is 
then directed into the tube leading into the bottom of the elutriator and the inside lightly 
misted. The elutriator may then be disassembled and cleaned. The contents ofthe 
tumbler can be archived and the soil removed from within the elutriator can also be 
dried and archived if desired. Again any contaminated waste should be given proper 
disposal. 
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Figure 8-1: 
Tubing Connections for Filter Cassettes 
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9.0 PREPARATION OF SPECIMEN GRIDS FOR TEM ANALYSIS 

Prepare speciment grids from filters collected over the IST opening of the elutriator. 

Although this method specifies that filters collected over the IST opening ofthe 
elutriator shall be prepared using a direct transfer technique, an indirect transfer 
technique is also described, as an option for certain applications. The primary purpose 
for considering indirect transfer is that it may prove cost-effective under special 
circumstances. Importantly, however, one must also consider that concentration 
measurements derived from indirectly prepared samples are not generally good 
predictors of risk (see Berman and Crump 1999a). Thus, indirect preparation should 
be used in association with this method only after appropriate consideration of the 
consequences. 

9.1 SPECIMEN GRID PREPARATION USING A DIRECT TRANSFER TECHNIQUE 

Filters collected over the IST opening ofthe elutriator (as described in Section 8.5.5) 
shall be prepared using the direct transfer technique that is described in Section 10.5 
ofthe ISO Method (ISO 10312). The loading calculation described in Section 8.5.5 
Equation 8-3) is for a filter loading of 100 pg. If a different loading is desired, the 
appropriate target mass needs to be substituted into the equation to estimate the 
appropriate time for collection. A loading of over 150 pg is not recommended. 

From each filter that has been collected over the IST opening, prepare four specimen 
grids from locations on the filter that are each separated by 90° radially and also 
prepare one grid from the center of the filter. The four outer grids should be about 75% 
of the distance from the center to the active edge of the filter (i.e.about 8.3 mm from the 
center of the filter). Thus, a total of 5 grid specimens shall be prepared from each filter. 

9.2 SPECIMEN GRID PREPARATION USING AN INDIRECT TRANSFER 
TECHNIQUE 

As an option to the procedure described in Section 9.1 above (for special applications 
only), filters collected over the IST opening of the elutriator (as described in Section 
8.5.5) may also be prepared using the indirect transfer technique that is described in 
Sections 10.3 to 10.5 ofthe ISO Method (ISO 10312). Forthis option, multiple sections 
of the most highly loaded filter obtained from the dust generator shall be prepared 
using a range of dilutions to allow selection of the optimally loaded specimen grids for 
final, detailed analysis. 

Alternately the more highly loaded filters collected over the ME opening of the elutriator 
(to monitor the stability of dust generation as described in Section 8.5.4) may also be 
prepared by indirect transfer for asbestos analysis. 
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10.0 PROCEDURES FOR ASBESTOS AND DUST ANALYSIS 

10.1 PROCEDU RES FOR ASB ESTOS ANALYSIS 

Specimen grids prepared as described in Chapter 9 are to be analyzed using 
transmission electron miaoscopy (TEM). Follow the procedures for analysis 
described in the ISO Method (ISO 10312) including procedures for: 

• examining specimen grids to determine acceptability for analysis; 

• structure counting by TEM (except that counts are limited to parent 
structures and components that qualify as protocol structures and the 
determination ofthe stopping point is modified); 

• structure morphological classification; 

• structure mineralogical identification; and 

• blank and quality control determinations. 

The stopping points for the analyses conducted in support of this method are a function 
ofthe required sensitivity for the method and are defined in Section 10.1.2 below. 

Begin by examining one of each set of specimen grids derived for a defined loading 
from a particular run of the dust generator and select the optimally loaded set for 
analysis. Use the criteria for determining the acceptability of specimen grids (from the 
ISO Method) to define optimal loading. 

When performing detailed analysis, be sure to distribute asbestos counts evenly over 
the entire set of specimen grids prepared from a particular filter at a defined (optimal) 
loading. Record the morphology and mineral type of asbestos structures as described 
in the ISO Method (ISO 10312). Importantly, because protocol structures are limited to 
structures longer than 5 pm, scans for counts of protocol structures can be performed 
at a magnification of 10,000x, which should expedite analysis relative to higher 
magnification scans. 

10.1.1 Counting Rules for Asbestos 

Because this method is focused specifically on deriving counts of asbestos protocol 
structures, count only structures longer than 5 pm that are also thinner than 0.5 pm. 
Qualifying structures that are longer than 10 pm also need to be distinguished for 
separate enumeration. Include in the count all isolated structures that exhibit the 
required dimensions and identifiable components of complex structures that also 
exhibit qualifying morphology. Chrysotile and amphibole structures must be separately 
enumerated. For amphiboles, identify the specific mineral type. 
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10.1.2 Analysis of Specimen Grids Prepared from Filters Collected Over the 
IST Opening of the Elutriator 

Prior to initiating a detailed analysis of specimen grids, the stopping rules for the 
analysis must be defined. Assuming these specimen grids have been prepared using a 
direct transfer technique (as discussed in Section 9.1), define the stopping rules for the 
detailed analysis as follows. 

First, calculate the maximum number of grid openings that will have to be scanned 
during the analysis from the relationship: 

Ng, = S/A*/(S,,p,*Ago*AM,) (10-1) 

where: 
Ng„ is the maximum number of grid openings to be scanned; 

SJ is the number of structures required to define detection 
using the analysis (defined here as 1); 

Af is the total area of the filter from which the specimen grids 
were prepared (mm^). A typical value for the surface area of 
a filter is 385 mm^; 

S^^ I is the required analytical sensitivity for the method (s/gp îo)-
A target analytical sensitivity of 3x10^ s/gp^io is defined in 
Section 2.4, which should be adequate for most studies ; 

Ago is the area of a single grid opening (mm^). A typical value 
for the area of a grid opening is 0.01 mm^; and 

AMf is the mass of respirable dust collected on the filter from 
which the specimen grids were prepared (g). As indicated in 
Section 8.5.5, a reasonable target loading is 1x10" g. 

Given a target sensitivity of 3x10® s/gp îo and typical values for each ofthe parameters 
of Equation 10-1 (listed above), approximately 150 grid openings will need to be 
counted for a typical sample. Importantly, to count protocol structures, such scans 
need to be performed at a magnification of only 10,000x. 

The number of grid openings to be scanned for specific analyses shall be determined 
by substituting case-specific values for the above listed parameters into Equation 10-1. 
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stop the counting, characterization, identification, and recording of asbestos structures 
on a particular analysis when one of the following obtains: 

• the scan is completed for the grid opening on which the 25th asbestos 
protocol structure that is longer than 10 pm is counted; or 

• a sufficient number of grid openings are scanned to achieve the target 
analytical sensitivity. 

Note, because a total of 5 grid specimens are to be prepared from each filter, it 
is practical to modify the above-listed stopping rules so that they can be applied 
to each of the individual grid specimens from a particular filter. Thus, stop 
counting, characterization, identification, and recording of asbestos structures on 
a particular grid specimen when: 

• the scan is completed for the gird opening on which the 5'̂  asbestos 
protocol structure that is longer than 10 pm is observed on the particular 
grid specimen being scanned; or 

• one fifth of the total number of grid openings required to achieve the 
target analytical sensitivity are scanned on the particular grid specimen. 

The above rules must then be applied to each of the five grid specimens that are 
prepared from a particular filter. 

10.2 EVALUATING THE RATE OF REL EASE OF RESPIRABLE DUST 

10.2.1 Determining the Mass of Respirable Dust on Filters to be Prepared 
for Asbestos Analysis 

To support the determination of asbestos concentrations using this method, it is 
necessary to determine the mass of dust that is simultaneously deposited on the filter. 
This is because, as indicated in Section 2.2, asbestos concentrations are to be 
reported as the ratio of asbestos to dust (S/gp^io)-

For filters collected over the IST opening of the elutriator (or filters collected over the 
ME opening, if these are to be used for determination of asbestos concentrations using 
the optional indirect transfer technique described in Section 9.2), determine the dust 
mass on the filter by weighing the filter directly. As indicated in Section 8.5.5, a 
microbalance is required to determine the net weight of the PC filters collected over the 
IST opening because the mass of dust on such filters will not be more than 150 pg. 
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10.2.2 Optional Procedure for Determining the Mass of Respirable Dust in a 
Bulk Sample 

Although not required in this modified elutriator method, an optional procedure is 
presented here for determining the mass of respirable material in bulk materials that 
are analyzed for asbestos content using this method. This procedure is modified from 
the one originally reported in Section 11.2 of the Berman and Kolk (1997) to account 
for the modifications to the configuration of the dust generator that are incorporated into 
this method. 

10.2.2.1 Evaluating the rate of release of respirable dust. The rate of release 
of respirable dust from a sample prepared using the dust generator is estimated from 
measurements of the mass of dust collected over time on the set of filters mounted over 
the ME opening ofthe elutriator. The measurements used specifically are from those 
filters that are collected while the tumbler is operating at the /7/g/?esf rotation rate 
employed forthe sample (see Section A2.1 of Appendix A). 

Begin by plotting the cumulative mass collected on the filters as a function oftime. To 
derive the cumulative mass for a particular time interval, add the mass of dust 
measured on the filter collected from that time interval to the sum of the masses 
measured on the set of filters collected eariier in the run. Typical curves are depicted 
in Figures 11-1 and 11-2 of Berman and Kolk (1997). Next, calculate the cumulative 
mass released from the sample over time from the cumulative mass collected on filters 
over time using the relationship developed in Section A.2.1 of Appendix A: 

M, = 1.0523*M, (10-2) 

where: 
M, is the cumulative mass of dust released from a sample between the 

start of a run and time "t" (g); and 

M, is the cumulative mass collected on filters between the start of a 
run and time "t" (g). 

'f 

Equation 10-2 is appropriate to use to relate the mass of dust collected on filters to the 
mass released from the sample when air flow in the dust generator is setup as 
indicated in Section 8.4.3. If different air flow conditions are established for a particular 
experiment, the relationship between M̂  and Mf will have to be derived using Equation 
A-4 from Appendix A. 
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The total mass of dust in the sample at the beginning of the run must next be estimated 
using the relationship developed in Appendix A. Based on the relationship (see 
Section A.2.1): 

ln(M„ - M,) = ln(MJ - kt (10-3) 
where: 

Mg is the mass of dust in the sample at the start of the run (g); 

k is the first-order rate constant for the release of dust from the 
sample (s"̂ ); and 

t is the time since the start of the run (s). 

A plot of ln(M(, - Mr) versus t should be a straight line with a slope equal to the rate 
constant for the release of dust from the sample and an intercept equal to the natural 
logarithm of the mass of dust in the sample at the start of the run. Derive estimates of 
"Mp" and "k" by programming Equation 10-3 into a spreadsheet and running a 
regression''^. 

Input a range of guesses for the value of Mp into the spreadsheet and run a regression 
to fit a value for k and to calculate a value for the regression coefficient, "r̂ " for each 
value of MQ. Plot the regression coefficient, "r̂ " as a function of M .̂ An example of 
such a plot is presented in Figure 11-3 of Berman and Kolk (1997). The value of Mp -
that provides the fit with the largest regression coefficient (i.e. with r̂  closest to 1) shall 
be reported as the correct value for the mass of dust in the sample at the start of the 
run and shall be reported with the corresponding k value as the estinnated rate constant 
for dust release from the sample during the run. 

10.2.2.2 Determining the content of respirable dust. To determine the mass 
percent of respirable dust in the original sample, first determine the total mass of 
respirable dust in the sample at the start of a run for the last run completed on the 
sample, which is derived as described in the last section. 

Ifthe dust generator run analyzed as described in Section 10.2.2 was preceded by a 
run with the tumbler speed set at 30 rpm, which will generally be the case when the 
goal is to determine the mass of respirable dust in the bulk sample (see Section 9.4.4 
of Berman and Kolk 1997), to estimate the total mass of dust present in the sample, it is 
necessary to sum the masses collected on the ME filters during all of the eariier runs 

Any of several commercial spreadsheet programs (including, for example, EXCEL™or LOTUS™) contain 
the necessary capabilities and may be employed to derive optimum values for "MJ and "k." 
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from the same sample, call this M .̂ Then adjust this mass for the additional mass of 
dust that would simultaneously have passed through the IST opening of the elutriator: 

MOE = 1.053*ME (10-4) 

where: 
MQE is the cumulative mass of respirable dust released from a sample 

during all runs completed prior to the current run (g); and 

ME is the cumulative mass of respirable dust measured on filters 
collected over the ME opening during all runs completed prior to 
the current run (g). 

Calculate the total mass of dust originally present in the sample, M,,,, by summing the 
mass released during all eariier run(s) with the mas of dust estimated to have resided 
in the sample at the beginning ofthe final (usually higher rpm) run, Mp. M^ is equal to 
the mass of respirable dust remaining in the sample at the end of the eariier run(s). 
Mp will have been derived as described in Section 10.2.2.1: 

M,o, = M,oE + Mp (10-5) 

where all parameters have been previously defined. 

Finally, estimate the mass percent of respirable dust in the bulk sample as follows: 

%RD = 100*MJM_p„ (10-6) 

where: 
%RD is the mass percent of respirable dust in the sample (%); and 

M is the mass of the original sample placed in the tumbler (g). 

10.3 DETERMINING THE CONTENT OF ASBESTOS 

As previously indicated (Section 2.2), the asbestos concentrations determined using 
this method are reported as the ratio of asbestos to dust (S/gp^^g). Also as previously 
indicated (Section 2.1), concentrations of protocol structures longer than 10 pm must 
be separately enumerated from structures between 5 and 10 pm in length. 
Concentrations for these two size categories shall be reported separately. 
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Whatever length (or other size) category of structures is to be determined, calculate 
concentrations as follows: 

C..3. = S,*Af/(Ngo*Ag„*AMf) (10-7) 

where: 
CjP3, is the concentration of asbestos per unit mass of respirable dust 

(S/gpMio)i 

Sp is the number of structures (of a defined size and type) that are 
counted during the scan (#); 

Af is the area of the filter on which the asbestos (and dust) were 
deposited for analysis (mm^); 

Ngo is the total number of grid openings scanned during the 
analysis (#); 

Ago is the area of a grid opening (mm^); and 

AMf is the mass of respirable dust deposited on the filter. 
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11.0 QUALITY ASSURANCE QUALITY CONTROL REQUIREMENTS 

The quality assurance/quality control (QA/QC) requirements indicated in the ISO 
Method (ISO 10312) shall be considered relevant and appropriate when using this 
method. In addition, the following blank and duplicate/replicate schedule shall be 
employed when running samples using this method. 

11.1 BLANKS 

The following blanks shall be collected routinely in concert with use of this method: 

• lot blanks or filter blanks. Two filters from each lot of 50 filters obtained from the 
manufacturer shall be prepared using a direct transfer procedure and analyzed 
to assure that background contamination on the filters does not exceed 
0.2 S/mm^. Only filters fi-om lots whose blanks pass the defined criterion shall 
be used in support of this method; 

• laboratory blanks. A sufficient number of laboratory blanks shall be collected, 
prepared using a direct transfer technique and analyzed to show that the room in 
which bulk samples are handled and prepared satisfy the requirements defined 
in Section 10.6 of Chatfield and Berman (1990). When laboratory blanks 
indicate that room air is out of compliance with the stated criterion, use of this 
method is to cease until appropriate corrective actions are completed; 

• field blanks. Field blanks shall be collected during any sample collection 
activities performed in association with use of this method. The number of such 
blanks to be collected and the schedule for their analysis shall be determined 
based on the complexity ofthe anticipated sampling scheme and shall be 
defined as part of the sampling plan for the site. QC aiteria fbr field blanks will 
also be set as part of the planning for the study; 

• method blanks. Method blanks should be collected and analyzed at a minimum 
frequency of one for every 20 samples analyzed using this method. The 
cumulative loading of asbestos structures observed on method blanks must not 
exceed 0.2 S/mm^. Note that it may prove advantageous to collect method 
blanks more frequently than one every 20 samples. The additional blanks can 
then be stored and analyzed at a later date, if needed to troubleshoot for 
corrective action; 

• equipment blanks. Equipment blanks and method blanks can be considered to 
be interchangeable. However, method blanks offer the advantage of 
simultaneously evaluating the laboratory's supply of washed sand. As long as 
no problem exists with the washed sand, run method blanks in lieu of running 
equipment blanks. However, should a problem develop with the washed sand, 
equipment blanks can be substituted for method blanks with no loss of method 
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performance (other than preventing the analysis of small volume samples for 
lack of appropriately qualified washed sand); and 

conditioning filters. Conditioning filters are collected at the beginning of every 
run. These filters do not need to be prepared and analyzed routinely but should 
be stored because they may prove useful for troubleshooting should corrective 
actions be required. 

11.2 DUPLICATES AND REPLICATES 

A fixed fraction (5 to 10%) of the samples collected in the field in support of this method 
shall be collected as spatial duplicates (two samples collected at imniediately adjacent 
locations or two composites composed of an independent, inter-located set of samples 
representing the same area or volume). These shall be labeled and sent to the 
laboratory in such a manner so as to assure that laboratory personnel cannot identify 
them as duplicates. The frequency of collection of spatial duplicates shall be defined 
as part of the sampling plan for the site. Connparison of the results of the analysis of 
such samples provides a measure of all of the components of total precision except 
population variability. 

As indicated previously (Section 8.2.1), 100% ofthe samples shipped from the field are 
to be shipped as duplicate pairs. The laboratory shall randomly select 2 or 3% ofthe 
duplicate samples shipped from the field and shall analyze both samples ofthe pairs so 
selected. Comparison of the results of the analysis of such samples, which are 
homogenized splits of the same sample, provides an indication of the precision 
achieved by sample preparation and analysis. 

Should analysis of duplicate pairs indicate an unacceptable degree of variability (i.e. a 
relative percent difference greater than 50%), replicate counts shall be performed on 
designated samples by multiple analysts in the laboratory (or by the same analyst on 
different days). Laboratory managenient shall assign such counts so as to assure that 
analysts cannot determine which counts are replicates. Results of such replicate 
counts shall serve to distinguish whether the major source of variability observed 
among duplicate pairs is due to analysis or to sample preparation. Appropriate 
corrective actions may then be devised. 
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11.3 INTER-LABORATORY PERFORMANCE PROGRAMS 

For large projects, it is highly recommended that analyses be performed by multiple 
laboratories (at least two) and that a well-crafted, formal inter-laboratory proficiency 
program be instituted to gauge the relative performance ofthe laboratories. In addition 
to the standard components of such a program (such as laboratory audits and 
consensus standards), such a program should include blind field replicates sent 
occasionally for comparison both between laboratories and within each laboratory. 

D 
D 
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12.0 REPORTING REQUIREMENTS 

This chapter indicates field and laboratory reporting requirements. 

12.1 FIELD AND LABORATORY NOTEBOOKS 

Over the course of the project, information critical to the proper reporting and 
interpretation of each sample analysis will be developed both in the field and in the 
laboratory. Formal procedures are required to preserve such information and to allow 
for the documentation of attendant information that, while not employed directly in the 
calculation of results, may provide insight into the interpretation of such results. 

Details of the reporting requirements for field and laboratory notebooks are provided in 
Section 13.1 of Berman and Kolk (1997). 

12.2 FIELD ACTIVITIES REPORT 

To assure that the field information required to complete estimation of dust and 
asbestos concentrations and release rates are provided to the data users, a field 
activities report must be completed and must be submitted to the laboratory along with 
the corresponding samples. Laboratory personnel are then to attach this report directly 
to their batch report, which shall cover the corresponding batch of samples. 

Details of the reporting requirements for field activities reports are provided in Section 
13.2 of Berman and Kolk (1997). 

12.3 SAMPLE ANALYSIS REPORT 

The sample analysis report for each sample shall include the following information, at a 
minimum: 

(a) reference to this method; 

(b) reference to the sample identification and batch number for the sample; 

(c) the date and site from which the sample was collected; 

(d) the weights and identities of the coarse and fine fractions of the sample 
and the sub-sample of the fine fraction sent for analysis; 

(e) the weights and identities of any splits or other fractions ofthe sample 
generated during laboratory preparation; 

12-1 



(f) the weight and identity of the sub-sample placed in the dust generator; 

(g) the relative flow rates through the IST and ME openings of the elutriator 
during each run of the dust generator for the sample; 

(h) the measured mass of respirable material on each filter that is collected 
over the IST opening (or ME Opening) of the elutriator and prepared for 
asbestos analysis; 

(I) if other than protocol structures, a statement identifying the structure size 
and type categories of interest for the study (see Chatfield 1993); 

(j) a statement of the minimum acceptable identification category and the 
maximum identification category attempted for asbestos structures 
counted and characterized during analysis (see Chatfield 1993); 

(k) a statement specifying which identification categories and which structure 
categories have been included in the counts of structures employed to 
estimate concentrations (see Chatfield 1993); 

(I) the counts of asbestos protocol structures (separately, for total protocol 
structures and protocol structures longer than 10 pm and separately for 
chrysotile and amphibole structures); 

(m) the active area of the filter prepared for asbestos analysis along with the 
average area of grid openings on specimen grids prepared from each 
filter and the number of grid openings scanned during analysis; 

(n) the estimated concentration of asbestos protocol structures (separately, 
for total protocol structures and protocol structures longer than 10 pm and 
separately for chrysotile and amphibole structures). Concentrations are 
to be reported as S/gp îo'. 

(o) the analytical sensitivity achieved for a particular analysis; and 

(p) 95% confidence limits for the concentrations reported. 

An example of the format to be employed for a sample analysis report is presented in 
Figure 12-1. 
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FIGURE 12-1 
SAMPLE ANALYSIS REPORT FORMAT 

Laboratory Name Report Date 
Laboratory Address Project Name (Optional) 

Laboratory Contact 
Telephone Number METHODS: 

(reference this method) 

Date Analysis Started (M/D/Yr) 
Date Analysis Completed (M/D/Yr) 
Analyst(s) Initials 

Laboratory Sample No. 
Field Sub-Sample Identification No. 
Field Preparation Technique (Attach a Copy ofthe Relevant Field Activities Report) 
Additional Laboratory Preparation Procedures {describe any employed) 

Sample Drying 
Sample Splitting 
Other 

TEM Analysis: 
Effective Area of Analytical Filter (sq mm) 
(Indicate whether from ME or from 1ST Opening) 
Magnification 
Grid Opening Area (sq mm) 
Number of G.O. Scanned 
Asbestos Struc;ture Size and Type Categories of Interest (see Chaffield 1993) 
Minimum Acceptable Structure Identification Category (see Chaffield 1993) 

Dust Generator 
Mass of Sample Tumbled (g) 
Air Flow Rate Through ME Opening of Dust Generator (ml/min) 
Air Flow Rate Through IST Opening of Dust Generator (ml/min) 
Estimated Total Air Flow Rate Through Elutriator (ml/min) 

Filters from the Isokinetic Sampling Tube (IST) Opening ofthe Elutriator 
Mass of respirable dust on filter (g) 
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FIGURE 12-1 
SAMPLE ANALYSIS REPORT FORMAT (Cont.) 

Laboratory Name 

Laboratory Sample No. 

Asbestos Analysis Results^®: 
No. of Chrysotile Asbestos Structures 
No. of Amphibole Asbestos Structures 

(Indicate Amphibole Mineral Type) 

ESTIMATED ASBESTOS CONCENTRATIONS (S/gp^io) 

Total Chrysotile Protocol Structures 
Long Chrysotile Protocol Structures 
Total Amphibole Protocol Structures 
Long Amphibole Protocol Structures 
Total Asbestos Protocol Structures 
Long Asbestos Protocol Structijres 

Estimated Analytical Sensitivity: (structures/gpî .ig) 

Report Date 

No. of Protocol Structures 
Total Long (> 10 pm) 

XXX 
XXX 

XXX 
XXX 

Concentrations 
Mean 

XXX 
XXX 
XXX 
XXX 
XXX 
XXX 

95% UCL 

XXX 
XXX 
XXX 
XXX 
XXX 
XXX 

XXX XXX 

(Attach a Copy ot the TEM Raw Data Sheets) 

Protocol structure counts shall include all qualifying parent structures and qualifying components of 
complex structures (enumerated per the counting rules of the ISO Method) 
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APPENDIX A: 
CONSTRUCTION AND OPERATION OF ADUST GENERATOR/ ELUTRIATOR FOR 
ISOLATING AND CONCENTRATING RESPIRABLE DUST AND ASBESTOS FROM 

SOILS AND OTHER BULK MATERIALS OF INTEREST 

The dust generator/elutriator incorporated into this Modified Elutriator Method for the 
Determination of Asbestos in Soils and Bulk Materials is designed to isolate and 
concentrate respirable material and asbestos that is present within soils or bulk 
materials of interest. A detailed description of the device (including specifications and 
construction drawings) is provided in Berman and Kolk (1997) along with a discussion 
of the theory of operation for the device. Changes to the design of the original device 
that are required to support this modified method are described in Section 6.3. A brief 
description ofthe motivation for each ofthe changes is provided below, followed by a 
refined and abbreviated discussion of the theory of operation of the new device. 

A. l DUST GENERATOR MODIFICATIONS 

A. l .1 Elimination of the Scrubber 

The purpose of the scrubber in the initial design was to provide a slurry of respirable 
particles from which filters could be prepared for TEM examination using an indirect 
transfer procedure. Since it has now been shown that TEM analysis of samples 
prepared by direct ti-ansfer best correlate witii risk (Berman and Crump 1999a), this 
modified method incorporates TEM specimen grid preparation by direct transfer, which 
obviates the need for the scrubber. In fact, even though an optional indirect transfer 
procedure is incorporated into this modified method, the preferred alternative is to use 
filters collected over the ME opening of the elutriator as the source of material for 
indirectly prepared samples, rather than rely on a scrubber. Thus, the scrubber has 
been removed from the modified design for the device (see Figure 6-3). 

A.1.2 Elimination ofthe Secondary Air Source 

In the original configuration ofthe device, a side inlet to the cup at the bottom ofthe 
elutriator was left open as a secondary source of air. This initially allowed air flow 
within the tumbler to be varied independent of flow in the elutriator. It was also thought 
that a source of air providing upward flow at the bottom of the elutriator would minimize 
the chance that respirable particles would be lost from the air stream from tiie tumbler 
by passing through quiescent sections of the flow regime at the bottom of the elutriator. 

It was later discovered, however, that the laminar flow regime within the elutriator did 
not allow for adequate mixing of tiie two air streams (the one from the tumbler and the 
one from auxiliary entrance at the bottom of the elutriator). This was not a problem 
when TEM filters were being prepared by indirect transfer from scrubber material. 
However, it creates non-uniform deposits on filters collected over the IST opening of 
the elutriator, which limits their utility for analysis following direct transfer. Therefore, 
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the auxiliary opening at the bottom ofthe elutriator is sealed in the modified design. 
Moreover, the detailed design of the bottom of the elutriator has also been modified 
(see Section 6.3) to assure that flow velocities between the tumbler and the elutriator 
never fall below the minimum velocity in the main body of the elutriator. This assures 
that respirable material is not inadvertently lost, even in tiie absence ofthe auxiliary 
flow of air. 

A. l .3 Reduction in the Size of the Exit Hole from the Tumbler 

When the tumbler operates for a few hours with air constantly flowing in one direction, 
it was found that there is gradual movement of the mass of the material in the tumbler 
toward the exit hole. This is expected because, as the particles in the tumbler are 
tossed into tiie air stream, they are always pushed toward the exit, regardless of tiieir 
size. Eventually, the level of the material in the tijmbler at tiie end near the exit hole 
would rise to the point where some of the material would be forced out through the exit 
hole. This problem was minimized by reducing the diameter of the exit hole and 
extending the tube that serves as the exit hole a small distance into the tumbler so that 
it is no longer flush with the wall of the tumbler (see Figure 6-1). 

A.l .4 Modifications to Humidity Control 

As indicated in Berman and Kolk (1997), optimum generation of dust occurs ata 
relative humidity of approximately 50%. In the original method, the salt solution 
recommended for maintaining constant humidity contains potassium carbonate 
dihydrate, which actually provides control at a relative humidity of 43% at 20^ C 
Calcium nitrate tetrahydrate is recommended in the current method because, at 
equilibrium with a saturated solution, humidity is maintained at a value very close to 
50%. It turns out that control of relative humidity that is closer to the ideal is more 
critical for this modified method to help mitigate the effects of static charging, which are 
much more pronounced on the required polycarbonate (PC) filters than on MCE filters. 
As indicated in Section 8.5.5, static electricity must be controlled to minimize problems 
during weighing ofthe PC filters on the microbalance. 

A.2 THEORY OF OPERATION 

A.2.1 The Dynamics of Dust Generation 

The dynamics of the release of dust from a sample during a run using the dust 
generator have been evaluated so that the rate of release and mass of dust in the 
sample can be derived from measurements of the mass of dust deposited over time on 
the set of filters collected over the ME opening of the elutriator. Analysis of data 
obtained from several different types of samples during the pilot study for this method 
(Berman et al.i994) indicate that the rate of release of mass from a sample in the dust 
generator is well described by a first-order rate equation: 
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-dM3/dt = k*M, (A-1) 

where: 
M3 is the mass of respirable dust remaining in the sample at 

time "t" (g); 

t is the time since the start of the run (s); and 

k is the first-order rate constant fbr the release (s'^). 

The minus sign in this equation indicates that mass is lost with time. 

Equation A-1 can be integrated to yield: 

ln(MJ = In(Mp) - kt (A-2) 

where: 
Mo is the mass of respirable dust in the sample at the start of 

the run (i.e. at time t = 0) (g). 

Given that "M^" can also be expressed as the difference between "M^" 
and "Mr" the cumulative mass released up to time "t," Equation A-2 can also be 
expressed as: 

ln(Mo - Mr) = In(Mo) -kt (A-3) 

where: 
Mr is the cumulative mass released between the start of a run 

and time T (g). 

The relationship presented in Equation A-3 indicates that a plot ofthe natural logarithm 
of the quantity (M, -Mr) versus time should be a straight line with a slope equal to the 
rate constant for dust release, k, and an intercept equal to the initial mass of dust in the 
sample at the start ofthe run, M,. The cumulative mass of dust released from the 
sample over time, Mr, can be derived ft-om measurements of dust collected on filters 
during the run. However, because M, also appears as part of one of tiie parameters 
that must be plotted to evaluate the relationship expressed in Equation A-3, the value 
of MQ must be optimized using regression, as described in Section 10.2.2.1 of the main 
text of this method. 

The cumulative mass released from a sample at time "t" during a run, "Mr" is directly 
proportional to the cumulative mass measured on filters collected during the run: 
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Mr = Mf*(F, + Fp)/F, (A-4) 

where: 
Mf is the cumulative mass measured on filters collected from 

filters mounted over the top of the elutriator up to time "f (g); 

F̂  is the percent of airflow through the IST opening of the 
elutriator (%); and 

Fp is the percent of airflow through the ME opening of the 
elutriator (%). 

Because F̂  plus Fp must sum to unity and F̂  will typically have been set at 4.75% 
during the initial setup of the dust generator^^ (see Section 8.4.3.1), Equation A-4 
reduces to: 

Mr = 1.05*M, (A-5) 

As indicated above, values for M̂  must be derived by performing a regression analysis 
ofthe relationship described by Equation A-3. This can be accomplished by using any 
of several commercially available spreadsheet programs (such as, for example, 
EXCEL™ or LOTUS^^). The procedure to be followed to derive estimates of M, and k 
are described in Section 10.2.2.1. 

A.2.2 The Time Dependence of Dust Collection 

As indicated in Section A.2.1 above, tiie generation of dust from the tumbler is well 
described by the first order rate equation: 

-dM3/dt = k*M3 (A-1) 

However, experience gained during the pilot study for this method (Berman et al. 1994) 
further indicates that the rate of change of M3 is sufficiently slow in most cases such 
that, for periods of no more than 20 minutes, M3 can be considered constant. Thus, for 
estimating such things as the time required to load individual filters in the dust 
generator, a simpler form of Equation A-1 can be used (in which M3 is considered 
constant): 

" This assumes that the design specifications for the elutriator being used by the laboratory conform to those 

defined in Berman and Kolk 1997. 

A-4 



D 

] 

AM3 = k*M3*At = k'At (A-6) 

where: 
M3 is still the mass of respirable dust remaining in the sample at 

time "t" but it is assumed constant over the short interval of 
time "At" (g); 

AMg is the mass of respirable dust released from the sample over 
the short time interval "At" (g); 

At is a relatively short time interval (no more than 20 minutes) 
during which the release of dust is being estimated (s); 

k is still the first-order rate constant tor the release (s"̂ ); and 

k' is an empirically derived, linear rate constant that is 
appropriate for any particular, short time interval (s"̂ ). 

Due to the geometry ofthe dust generator, the mass of respirable dust deposited on a 
filter in the dust generator in any short time interval, call this AMf, is simply the product 
of the dust released from the sample, AM3, and the fraction of the flow through the dust 
generator that is also directed through that filter. Thus, for filters collected over the 
isokinetic sampling tube (the IST opening ofthe eluti-iator): 

AMf (,^)= 0.047*AM3 = 0.047*k'*At (A-7) 

Similariy, for tiie ME opening over the elutriator 

AMf(ME) = 0.953*AM3 = 0.953*k'*At (A-8) 

Comparison of Equations A-7 and A-8 shows that the k' constants for the two equations 
must be identical. Moreover, it is possible to estimate k' (without knowledge of M3) from 
dust mass measurements made on filters collected over one opening of the elutriator, 
which can then be extrapolated to estimate the amount of time required to collect a 
defined mass of dust on filters collected over the other opening ofthe elutriator. Thus, 
by solving both Equations A-7 and A-8 for k' and substituting one into the other, the 
following relationship obtains: 

AM^„E) AM,;,.,^ 

0.953At 0.047At 
(A-9) 
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Combining terms and re-arranging yields the following relationship for determining the 
time required to collect a defined nress on a filter over the IST opening of the elutriator, 
given an estimated deposition rate that is defined based on dust mass measurements 
made on filters collected over tiie ME opening of the elutriator: 

• 
D 
D 
D 

Where: 

AM. ' f(BT) 

At 

^AWI, , ,^^ 

\ At / 

20=*= AM 'f(IST) 

' " M. 
= At 

Zi 
(A-10) 

IE) 

At 

is a target mass of dust to be deposited on a filter mounted 
over the IST opening of the elutriator (g); 

is the time required to deposit a mass of dust equal to 
AMf(gT) on a filter mounted over the IST opening of the 
elutriator (s); 

is the rate of deposition of dust on a filter estimated as the 
ratio of the net dust deposited on a filter mounted over ttie 
ME opening of the elutriator to the net time required to 
deposit the observed mass (g/s). 

A.2.3 Size Separation Using the Vertical Elutriator 

The operation ofthe vertical elutriator has been described in detail in Section A.2.3 of 
the original Superfund Method (Berman and Kolk 1997). 
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1. Scope 
!. I This pinctice covers three method.s for the reduciion of 

large snniplcs of aggregate to thc appropriate size for testing 
employing techniques that are intended to minimize variations 
in measured charaetcristics between the test samples so se­
lected and thc large sample. 

1.2 The values staled in Sf units are lo be regarded as the 
standard. 

1.3 r/7/.v slantkuil doe.s not purport to cukire.̂ s all of the 
.safety concerns, if any, associated wili! its me. It is Ihe 
responsibility uf ihe user of Ihis slandard io e.stahli.sh appro­
priate safety aud health practices and determine the applica­
bility of regulatory limitations prior lo use. 

2. Referenced Documents 

2.1 ASTM Slandards: 
C 125 Temiinology Relating to Concrete and Concrete 

Aggregates" 
C 128 Test Method for Density, Relative Density (Specific 

Gravity), and .Absorption of Fine y\ggregate^ 
D 7.5 Practice for Sampling Aggregates' 

3. Terniinology 

3.1 Definiiioiis—The terms used in this practice are defined 
in Terminology C 125. 

4. Significance and Use 

4.1 Speciiications for aggregates require sampling portions 
of thc material for testing. Other factors being equal, larger 
samples vvill tend to be more representative ofthe lotal supply. 
This practice provides procedures for reducing the large 
sample obtained in the field or produced in the laboratory to a 
convenient size for conducting a number of lests to describe thc 
material and measure its quality in a manner that thc smaller 
les! sample portion is most likely to be a reprcscntalion ofthe 
larger sample, and thus ofthe total supply. Failure to carefully 

I h=̂  practice is under the iurisLlictioti of .ASTM (.'oniniitice Ct̂ 9 on d.-ncretc 
and Cnncre!c.'\;.;gicj;ales and is thc direct rcsnoivsihili'.y oiSnbcoinniilict CdQ.IO on 
Nirrma.l Weighs /Vei^regalcs. 

(.Aincni cdii!v;n ^sppvoved May 10, 1998. PuWislicd Decenibci !9yii. Onginaily 
approved in 1971. I.asi previous cdilion appi'ovcd n; !993 as ClU?. 9.5. 

•-.!•;",„,/£/.,.* ,,J ASTM SlnndurcL. Vi;! 0.1 li?. 
' Aiiii:..:! li.i.A- .yl'ASTM Stamlanis Voi "4 (!i. 

follow the procedures in this practice could result in providing 
a nonrepresenlalive sample lo be used in subsequent testing. 
The individual test methods provide for minimum amount of 
material to be tested. 

4.2 Under certain circumstances, reduciion in si/e of the 
large sample prior to testing is not recommended. Substantial 
differences betvveen the selected tesl samples sometimes can­
not be avoided, as for example, in the case of an aggregate 
having relatively few large size panicles in the sample. The 
laws of chance dictate that these few particles may be 
unequally distributed among the reduced size test samples. 
Similarly, if the test sample is being examined for certain 
contaminants occurring as a few discrete fragments in only 
small percentages, caution should be irsed in inteipreting 
results from the reduced size test sample. Chance inclusion or 
exclusion of only one or two particles in the selected test 
sarnple may importantly influence intcrjiretation ofthe charae-
leristics of the original sample. In these cases, the entire 
original sample should be tested. 

5. Selection of Method 

5.1 Fine Aggregate—Reduce the size of samples of fine 
aggregaie that are drier than the saturated-surface-dry condi­
tion (Note 1) using a mechanical splitter according to Method 
.A. Reduce the size of samples having free moisture on the 
particle surfaces by quartering according lo Melhod B, or by 
treating as a miniature stockpile as described in Method C. 

5.1.1 If the use of Melhod B or Melhod C is desired, and the 
sample does not have free moisture on the particle surfaces, 
moisten the sample to oblain free moisture on the particle 
surfaces, mix thoroughly, and then reduce the sample size. 

5.1.2 If use of Method A is desired and thc sample has free 
moisture on Ihe particle suiTaces, dr\' thc entire sample to at 
least the saturatcd-surlacc-dr>' condition, using temperatures 
that do not exceed those specified for any of the tests 
conteinplaled, and then reduce ihe sample size. Aliernatively, if 
thc moist sample is very large, make a preliminary split using 
a mechanical splitter having chute openings of 38 mm (1 V2 in.) 
or more in width to reduce the san.iple to not less than 5000 g. 
Dry thc portion so obtained, and reduce it to test sarnple size 
using .Method .\. 

Nou- I Tlic mcthoiJ of dctcmii.niiii: liic saltiralt'd-.surracc-tiry coiiJi-

liiin is dcscriticd in Test .Vlclhod C \2H. .Vs ;i q u k k appKwiiiialion, il'llic 
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fuie aggiogalc will ruUnn its s|-,aiic wlicii luoldcd in thc litind, il m;w be 
c-cnisidcrcd lo be woiiei ll-an saliir;\icd-surl'acc-dry. 

5.2 Coarse Aggregoiex and .Mixtures of Coarse and Fine 
.'Iggregates Reduce the samjile using a mechanical splitter in 
accordance witli Method .A (prefeiTcd method) or by quarlering 
in accordance uiih Method B. The miniature stockpile Melhod 
C is not permitted for coarse aggregates or mixtures of coaisc 
and fine aggregates. 

6. Sampling 

6.1 Obtain samples of aggregate in the lield in accordance 
vvith Practice fJ 75, or as required by individual test methods. 
When tests for sieve analysis only are contemplated, the size of 
the field sample listed in Practice D 75 is usually adequate. 
When additional tests arc to be conducted, the user shall be 
satisfied lhat the initial size of the field sample is adequate to 
accomplish all intended lests. Use similar procedures for 
aggregate produced in the laboratory. 

METHOD A—MECHANICAL SPUTTER 

7. .Apparatus 

7.1 Sample .Splitter-—Sample .splitters shall have an even 
number of equal width chutes, but not less than a lolal of eight 

•

for coarse aggregate, or twelve for fine aggregate, which 
discharge altciTiately lo each side of the splitter. For coarse 
aggregate and mixed aggregate, the minimuin width of the 
individual chutes shall be approximately 50 % larger than the 
largest paiticles in the sarnple to be split (Nole 2). For dry fine 
aggregate in which thc entire sample will pass the 9.5-mni 
(Vs-in.) seivc, a splitter having chutes 12.5 to 20 mm (',-': to V't 

r~ in.) wide shall be used, 'lhe splitter shall be equipped vvith two 
[_ receptacles to hold the two halves of thc sample following 

splitting. It shall also be equipped with a hopper or straight-
eclged pan whicU has a wicith ec|ual to or slightly less than the 
over-all width ofthe assembly of chutes, by which the sample 
may be fed at a controlled rate to the chutes. The splitter and 

accessory equipment shall be so designed that the sample will 
flow sinoothly witiiout rcstriclion or loss of material (sec Fig. 
1 and Fig. 2)' 

NoTi- 2- Mechanical spliucis me eoninionly available in sizes ad­
equate for coarse aggiepate havino tho laigcsi particle not over }1.5 mm 
i\'/: in.). 

8. Procedure 

8.1 Place the original sample in lhe hopper or pan and 
uniformly distribute it froin edge to edge, so that when it is 
introduced into the chutes, approximately equal aniounts will 
flow through each chute. Introduce the sample at a rate so as to 
allow it to flow freely through the chutes and into the 
receptacles below. Reintroduce the portion ofthe sample in one 
ofthe receptacles into the splitter as many times as necessary 
to reduce the sample to the size specified for the intended test. 
Reserve the portion of material collected in the other receptacle 
for reduction in size for other tests, when required. 

METHOD B—QUARTERFNG 

9. .Apparatus 

9.1 Apparatus shall consist of a straight-edged scoop, 
shovel, or trowel; a broom or bnish; and a canvas blanket 
approximately 2 by 2.5 rn (6 by 8 ft). 

10. Procedure 

10.1 Use either the procedure described in 10.1.1 or 10.1.2 
or a combination of both. 

10.1.1 Place the original sample on a hard, clean, level 
surface where there will be neither loss of material nor the 
accidental addition of foreign material. Mix the material 
thoroughly by turning the entire sample over three times. With 
the last turning, shovel thc entire sample into a conical pile by 
depositing each shovelful on top of the preceding one. Care­
fully flaUen the conical pile to a uniform thickness and 
diarneler by pressing down the apex with a shovel so lhat each 

] 

Feed Chute 

At Least 
Eight 
Openings — ^ 

FIG. 1 Large Sample Splitter for Coarse Aggregate 



# C 702 - 98 (2003) 

D 
At Least 
Twelve 
Openings 

Nort— Small Sample .Splitters lor Fine .Aggregate. .May be con.strueicd a.s either closed or open type. Closed type is preferred. 
FIG. 2 Sample Splitters (Riffles) 

quarter sector of the resulting pile will contain the material 
originally in it. The diameter should be approximately four to 
eight titnes the thickness. Divide the flattened mass inlo four 
equal quarters witli a shovel or trowel and remove two 
diagonally opposite quaiters. including all fme material, and 
brush the cleared spaces clean. Successively mix and quarter 
the remaining material until flic sample is reduced to the 
desired size (Fig. 3). 

10.1.2 As an alternative to the procedure described in 
10.1.1, when the floor surface is uneven, place the field sample 
on a canvas blanket and mix wilh a shovel as described in 
10.1.1, or by alternately lifting each corner of the canvas and 
pulling it over the sample toward the diagonally opposite 

comer causing the material to be rolled. Flatten the pile as 
described in 10.1.1. Divide the sample as described in 10.1.1, 
or ifthe surface beneath the blanket is uneven, insert a stick or 
pipe beneath the blanket and under the center of flie pile, theu 
lift both ends of the stick, dividing flie sample into two equal 
parts. Remove the stick leaving a fold of the blanket between 
flie divided portions. Insert the stick under the center ofthe pile 
at right angles to the first division and again lift both ends of 
thc stick, dividing the sample into four equal parts. Remove 
two diagonally opposite quarters, being careful to clean the 
fines trom thc blanket. Successively mix and quarter the 
remaining material until the sample is reduced to the desired 
size (Fig. 4). 

] 

Cone Sampie on Hard Clean Surface Mi.\ b>' ["orming New Cone Quarter After l-lattcning Cone 

Sa-'nplc DtvidL'c! mio Ouincr'; R;'t.'ii;; Opposite Ou;4ricr,s 
Ki.joc;l lht; Othc- I wo î uaiiLTS 

FIG. 3 Quartering on a Hard, Clean Level Surface 
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FIG, 4 Quartering on a Canvas Blanket 

METHOD C—MlM.\TLiRE STOCKPILE SAMPLING 
(DAMP FINE AGGREG.ATE ONLY) 

IL Apparatus 

11.1 Apparatus shall consist of a straight-edged scoop, 
_l shovel, or trowel for mixing the aggregate, and either a small 

sampling thief, small scoop, or spoon for sampling. 

12. Procedure 

12.1 Place the original sample of damp fine aggregate on a 
hard clean, level surface where there will be neither loss of 
material nor Ihe accidental addition of foreign material. Mix 
the material thoroughly by turning the entire sample over tluee 
tiiTies. Wilh thc last turning, shovel flic entire sample into a 

conical pile by depositing each shovelful on lop of the 
preceding one. If desired, flatten the conical pile to a unifonn 
thickness and diameter by pressing down the apex with a 
shovel so that each quarter sector of tfie resulting pile will 
contain the material originally in it. Obtain a sample for each 
test by selecting at least five increments of material at random 
locations from the miniature stockpile, using any of the 
sampling devices described in 11.1. 

13. Keywords 

13.1 aggregaie; aggregaie- coarse; aggregaie fine; field 
testing—aggregate; sampling -aggregates; sample reduction; 
specimen preparation 
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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO 
member bodies). The work of preparing international Standards is normally carried out through ISO technical 
committees. Each member body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, governmental and non-governmental, in 
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

international Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3. 

The main task of technical committees is to prepare International Standards. Draft International Standards adopted 
by the technical committees are circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this international Standard may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 14966 was prepared by Technical Committee ISO/TC 146, A\r quality, Subcommittee SC 3, Ambient 
atmospheres. 

Annexes A and B form a normative part of this International Standard. Annexes C, D and E are for information only. 
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Introduction 

This International Standard describes a method for measurement of the numerical concentration of inorganic 
fibrous particles in ambient air using the scanning electron microscope. This International Standard is based on the 
procedures of Verein Deutscher Ingenieure (VDI) Guideline 3492 [6]. 

The method is also suitable for determining the numerical concentrations of inorganic fibres in the interior 
atmospheres of buildings, for example measurement of residual airborne fibre concentrations after the removal of 
asbestos-containing building materials [7]. 

Biological research has shown that the fibrogenic or carcinogenic effect of a fibre is related to its length, diameter 
and its resistance to dissolution in a biological environment. The point at which fibres are too short, too thick or of 
insufficient durability to produce a fibrogenic or carcinogenic effect is uncertain. Fibres with lengths greater than 
10 |jm and diameters of a few tenths of 1 pm, which also have durabilities such that they remain unchanged for 
many years in the body, are regarded as particulariy carcinogenic. On the basis of current knowledge, fibres 
shorter than 5 îm are thought to have a low carcinogenic potential [8 to 11). 

For the purposes of this International Standard, a fibre is defined as a particle which has a minimum length to width 
(aspect) ratio of 3:1. Fibres with lengths greater than 5 pm and widths extending from the lower limit of visibility up 
to 3 pm are counted. Fibres with diameters less than 3 pm are considered to be respirable. Since the method 
requires recording the lengths and widths of all fibres, the data can be re-evaluated if it is required to derive 
concentrations for fibres with a higher minimum aspect ratio [12]. 

The range of concentration to be measured extends from that found in clean air environments, in which the mean 
value of a large number of individual measurements of asbestos fibre concentrations has been found to be 
generally lower than lOOfibres/m^ (fibres longer than Spm), up to higher exposure scenarios in which 
concentrations as much as two orders of magnitude higher have been found [10, 12]. 

This method is used to measure the numerical concentration of inorganic fibres with widths smaller than 3 pm and 
lengths exceeding 5 pm up to a maximum of 100 pm. Using energy-dispersive X-ray analysis (EDXA), fibres are 
classified as fibres with compositions consistent with those of asbestos fibres, calcium sulfate fibres and other 
inorganic fibres. 

Calcium sulfate fibres are separated from other inorganic fibres and are not included in the final result, because on 
the basis of current knowledge, they do not represent any health hazard. Nevertheless, the numerical 
concentration of calcium sulfate fibres must be determined, since a high concentration of these fibres can 
negatively bias the results for probable asbestos fibres, and in some circumstances the sample may have to be 
rejected [13]. In addition, knowledge ofthe numerical concentration of calcium sulfate fibres is of importance in the 
interpretation of fibre concentrations in ambient atmospheres. 

Detection and identification of fibres becomes progressively more uncertain as the fibre width is reduced below 
0,2 pm. Identification of a fibre as a specific species is more confident if the source of emission is known or 
suspected, such as in a building for which bulk materials are available for analysis. 

In order to facilitate the scanning electron microscope examination, organic particles collected on the filter are 
almost completely removed by a plasma ashing treatment. 

Except in situations where fibre identification is difficult, there should be only minor differences between fibre 
counting results obtained by this method and those obtained using the procedures for determination of 
PCM-equivalent fibres in annex E ofthe transmission electron microscopy method ISO 10312:1995. 



INTERNATIONAL STANDARD ISO 14966:2002(E) 

Ambient air— Determination of numerical concentration of 
inorganic fibrous particles — Scanning electron microscopy 
method 

1 Scope 

This International Standard specifies a method using scanning electron microscopy for determination of the 
concentration of inorganic fibrous particles in the air. The method specifies the use of gold-coated, capillary-pore, 
track-etched membrane filters, through which a known volume of air has been drawn. Using energy-dispersive 
X-ray analysis, the method can discriminate between fibres with compositions consistent with those of the asbestos 
varieties (e.g. serpentine and amphibole), gypsum, and other inorganic fibres. Annex C provides a summary of 
fibre types which can be measured. 

This International Standard is applicable to the measurement of the concentrations of inorganic fibrous particles in 
ambient air. The method is also applicable for determining the numerical concentrations of inorganic fibrous 
particles in the interior atmospheres of buildings, for example to determine the concentration of airborne inorganic 
fibrous particles remaining after the removal of asbestos-containing products. 

The range of concentrations for fibres with lengths greater than 5 pm, in the range of widths which can be detected 
under standard measurement conditions (see 6.2), is approximately 3 fibres to 200 fibres per square millimetre of 
filter area. The air concentrations, in fibres per cubic metre, represented by these values are a function of the 
volume of air sampled. 

NOTE The ability of the method to detect and classify fibres with widths lower than 0,2 pm is limited. If airborne fibres in 
the atmosphere being sampled are predominantly < 0,2 pm in width, a transmission electron microscopy method such as 
ISO 10312 can be used to determine the smaller fibres. 

2 T e r m s a n d d e f i n i t i o n s 

Forthe purposes of this International Standard, the following terms and definitions apply. 

2.1 
acicular 
shape shown by an extremely slender crystal with cross-sectional dimensions which are small relative to its length, 
i.e. needle-like 

2.2 
amphibole 
any of a group of rock-forming double-chain silicate minerals, closely related in crystal form and composition, and 
having the nominal formula: 

Ao-lB2C5T8022(OH,F,CI)2 

where 

A = K, Na; 

B = Fe2+, Mn, Mg, Ca, Na; 
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C = Al. Cr, Ti, Fe3+, Mg, Fe2+; 

T = Si, Al, Cr, Fe3+, Ti. 

NOTE 1 See references [19] and [20]. 

NOTE 2 In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn. Amphibole is 
characterized by a cross-linked double chain of Si-0 tetrahedra with a silicon:oxygen ratio of 4:11, by columnar or fibrous 
prismatic crystals and by good prismatic cleavage in tw/o directions parallel to the crystal faces and intersecting at angles of 
about 56° and 124°. 

2.3 
amphibole asbestos 
amphibole in an asbestiform habit 

2.4 
analytical sensitivity 
calculated airborne fibre concentration equivalent to counting one fibre in the analysis 

NOTE 1 It is expressed in fibres per cubic metre. 

NOTE 2 This method does not specify a unique analytical sensitivity. The analytical sensitivity is determined by the needs of 
the measurement and the conditions found on the prepared sample. 

2.5 
asbestiform 
specific type of mineral fibrosity in which the fibres and fibrils possess high tensile strength and flexibility 

2.6 
asbestos 
any of a group of silicate minerals belonging to the serpentine and amphibole groups which have crystallized in the 
asbestiform habit, causing them to be easily separated into long, thin, flexible, strong fibres when crushed or 
processed 

NOTE The Chemical Abstracts Sen/ice Registry Numbers of the most common asbestos varieties are: chrysotile 
(12001-29-5), crocidolite (12001-28-4), grunerite asbestos (amosite) (12172-73-5), anthophyllite asbestos (77536-67-5), 
tremolite asbestos (77536-68-6) and actinolite asbestos (77536-66-4). 

2.7 
asbestos structure 
individual asbestos fibre, or any connected or overlapping grouping of asbestos fibres or bundles, with or without 
other particles 

2.8 
aspect ratio 
ratio of length of a particle to its width 

2.9 
blank 
fibre count made on a specimen prepared from an unused filter, to determine the background measurement 

2.10 
chrysotile 
fibrous variety ofthe mineral serpentine, which has the nominal composition: 

Mg3Si205(OH)4 

NOTE Most natural chrysotile deviates little from this nominal composition. In some varieties of chrysotile, minor substitution 
of silicon by Al-̂ "" may occur. Minor substitution of magnesium by AP+, Fe^^, Fe-̂ ,̂ Ni^^, Mn "̂̂  and Co "̂̂  may also be present. 
Chrysotile is the most prevalent type of asbestos. 
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2.11 
cleavage 
breaking of a mineral along one of its crystallographic directions 

2.12 
cleavage fragment 
fragment of a crystal that is bounded by cleavage faces 

2.13 
cluster 
fibrous structure in which two or more fibres, or fibre bundles, are randomly oriented in a connected grouping 

2.14 
countable fibre 
any object longer than 5 pm, having a maximum width less than 3 pm and a minimum aspect ratio of 3:1 

2.15 
energy-dispersive X-ray analysis 
measurement of the energies and intensities of X-rays by use of a solid-state detector and multi-channel analyser 
system 

2.16 
field blank 
filter cassette which has been taken to the sampling site, opened and then closed, and subsequently used to 
determine the background fibre count for the measurement 

2.17 
fibre 
elongated particle which has parallel or stepped sides and a minimum aspect ratio of 3:1 

2.18 
fibre bundle 
structure composed of apparently attached, parallel fibres 

NOTE A fibre bundle may exhibit diverging fibres at one or both ends. The length is defined as equal to the maximum 
length of the structure, and the diameter is defined as equal to the maximum width in the compact region. 

2.19 
fibril 
single fibre of asbestos which cannot be further separated longitudinally into smaller components without losing its 
fibrous properties or appearances 

2.20 
fibrous structure 
fibre, or connected grouping of fibres, with or without other particles 

2.21 
habit 
the characteristic crystal growth form or combination of these forms of a mineral, including characteristic 
irregularities 

2.22 
image field 
the area on the filter sample which is shown on the cathode ray tube display 
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2.23 
limit of detection 
calculated airborne fibre concentration equivalent to the upper 95 % confidence limit of 2,99 fibres predicted by the 
Poisson distribution for a count of zero fibres 

NOTE It is expressed in fibres per cubic metre. 

2.24 
magnification 
ratio of the size of the image of an object on the cathode ray tube screen to the actual size of the object 

NOTE For the purposes of this International Standard, magnification values always refer to that applicable to the cathode 
ray tube display. 

2.25 
matrix 
structure in which one or more fibres or fibre bundles touch, are attached to, or partially concealed by a single 
particle or connected group of non-fibrous particle 

2.26 
serpentine 
any of a group of common rock-forming minerals having the nominal formula: 

Mg3Si205(OH)4 

2.27 
split fibre 
agglomeration of fibres which, at one or several points along its length, appears to be compact and undivided, 
whilst at other points appears to separate into separate fibres 

2.28 
structure 
single fibre, fibre bundle, cluster or matrix 

3 Abbreviated terms 

CRT Cathode ray tube 

EDXA Energy-dispersive X-ray analysis 

FWHM Full width, half maximum 

PTFE Polytetrafiuoroethylene 

SEM Scanning electron microscope 

UICC Union Internationale Centre le Cancer 
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4 P r i nc i p l e 

A sample of airborne particulate is collected by drawing a measured volume of air through a gold-coated, capillary-
pore track-etched membrane filter with a maximum nominal pore size of 0,8 pm, which is subsequently examined 
in the scanning electron microscope (SEM). Before analysis, the gold-coated filter is treated in a plasma asher to 
remove organic particles, to the extent that this is possible. The individual fibrous particles and constituent fibres in 
a randomly-selected area of the filter are then counted at a magnification of approximately 2 000 x. If a fibre is 
detected at the magnification of approximately 2 000 x, it is examined at a higher magnification of approximately 
10 000 X to measure its dimensions. At the higher magnification of approximately 10 000 x, energy-dispersive 
X-ray analysis (EDXA) is used to classify the fibre according to the chemical composition. 

The limit of detection for this method is defined as the numerical fibre concentration below which, with 95 % 
confidence, the actual concentration lies when no fibres are found during the SEM examination. The limit of 
detection theoretically can be lowered indefinitely by filtration of progressively larger volumes of air and by 
examination of a larger area of the specimen in the SEM. In practice, the lowest achievable limit of detection for a 
particular area of SEM specimen examined is controlled by the total suspended particulate concentration remaining 
after the plasma ashing step. 

A limit of detection of approximately 300 fibres/m^ is obtained if an air volume of 1 m^ per square centimetre of filter 
surface area passes through the filter, and an area of 1 mm^ of the filter area is examined in the SEM. This 
corresponds to an evaluated sample air volume of 0,01 m^. 

5 A p p a r a t u s a n d mate r ia l s 

5.1 Air sampl ing 

5.1.1 Sampling head. 

A disposable, 3-piece, conductive plastic field monitor cassette may be used as the sampling head, provided that 
the design is such that significant leakage around the filter does not occur. A re-usable unit may also be used as 
the sampling head, consisting of a cylindrical cowl and a filter holder with backing filter. Figure 1 shows an example 
of a suitable sampling head. The cowl and the filter holder should be made from a corrosion-resistant material. The 
filter must be clamped in such a manner that significant leaks around the filter do not occur at differential pressures 
up to approximately 50 kPa (see B.4). The length of the cowl should be 0,5 to 2,5 times the effective filter diameter 
(the diameter of the exposed circular filter area through which the air is drawn). If it is possible that wind velocities 
greater than 5 m/s could occur during sampling, use a long cowl with a ratio of length to effective diameter of 2,5. 

5.1.2 Sampling train. 

Figure 2 shows an example of a suitable sampling train. Control of the volumetric flowrate may be achieved either 
by the use of a throttle valve (3) or a volumetric flow controller (8) in conjunction with a regulator valve (4). 

5.1.3 Sampling pump, pulse-free or pulsation-damped, capable of maintaining, at a pressure differential across 
the filter of at least 50 kPa, a volumetric flow of between 8 l/min and 30 l/min, depending on the diameter of filter 
used. 

In order to achieve the required analytical sensitivity, a flowrate of 8 l/min is required if a 25 mm diameter filter is 
used. This flowrate is equivalent to a filter face velocity of approximately 35 cm/s, which results in a pressure 
differential of approximately 50 kPa. The sampling pump shall be capable of maintaining the intended flowrate 
within ± 1 0 % throughout the whole sampling period. 
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Key 

1 Cowl 

2 Filter holder 

3 Backing filter 

4 Track-etched membrane filter 

5 Supporting mesh 

6 

7 

8 

9 

Suction hose 

Clamping roller 

Clamping ring 

PTFE gaskets 

Figure 1 — Example of design of sampling head 

5.1.4 Needle valve, with a fine adjustment mechanism, for setting the volumetric flowrate. 

5.1.5 Volumetric flowmeter (rotameter), for measuring the volumetric flowrate. 

5.1.6 Timer, for measuring the sampling time. 

5.1.7 Dry type gas meter (optional), for volumetric measurement, calibrated, designed for a maximum 
volumetric flowrate of 2 m^/h. 

5.1.8 Meteorological instruments (optional), for recording of meteorological conditions during sampling. 

Instruments such as a thermometer, a hygrometer, a barometer and a wind speed and direction recorder will be 
required. 

5.1.9 Instruments for unattended sampling (optional). 

For unattended sampling, a volumetric flow controller is required for regulation of the flowrate to within + 10 % of 
the nominal rate, with an automatic switch to turn off the sampling pump if the flowrate exceeds or falls below the 
pre-set tolerance band. The flow controller can be integrated into the suction unit. 

A programmable switch is required for pre-setting the air sampling cycle. A pressure gauge which incorporates a 
switching contact is required to switch off the sampling pump if the pressure differential across the sampling filter 
increases to a pre-set value. 
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Os 

Key 

1 
2 
3 
4 
5 
6 
7 

11 

Sampling head or cassette 

Pressure gauge 

Throttle valve (optional) 

Regulator valve (optional) 

Pump 

Variable-area flowmeter 

Gas meter (optional) with thermometer 

lei |®| I® 
12 13 14 

8 Volumetric flow controller (optional) 

9 Sampling-time recorder (optional) 

10 Programmer (optional) 

11 Timer 
12 Thermometer (optional) 

13 Barometer (optional) 

14 Hygrometer (optional) 

Figure 2 — Example of a sui table sampl ing t ra in 

5.2 P r e p a r a t i o n o f f i l t e r s 

5.2.1 Vacuum evaporator, capable of producing a vacuum better than 0,013 Pa. 

A vacuum coating unit is required for vacuum deposition of gold onto the capillary-pore membrane filters, and for 
carbon coating of SEM specimens ifthe particulate loading is such that excessive charging of the specimen occurs. 

A sputter coating unit has also been found to meet the requirements for gold coating of the capillary-pore filters. 

5.2.2 Plasma asher, supplied with oxygen, to oxidize organic particles on the SEM specimen. 

An example of the configuration of a suitable plasma asher is shown in Figure 3. The chamber of the plasma asher 
may be coupled either capacitatively or inductively. Care shall be taken not to damage the specimen during the 
plasma ashing process. A calibration procedure to determine suitable operating conditions for the plasma asher is 
described in B.3. 
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1 Bell jar 
2 Filter in mounting ring 
3 Oxygen inlet 
4 Power supply from plasma generator 

5 Connection for vacuum pump 
6 Air inlet 
7 Cooling-water inlet 
8 Cooling-water outlet 

Figure 3 — Example of a configuration of a plasma asher 

5.3 Sample analysis 

5.3.1 Scanning electron microscope (SEM), with an accelerating voltage of at least 20 kV, is required for fibre 
counting and identification. 

5.3.2 Energy-dispersive X-ray system for the SEM, capable of achieving a resolution better than 170 eV 
(FWHM) on the MnKg peak. 

The performance of an individual combination of SEM and solid-state X-ray detector is dependent on a number of 
geometrical factors. Accordingly, the required performance of the combination of the SEM and X-ray analyser is 
specified in terms of the measured X-ray intensity obtained from a chrysotile fibre of width 0,2 pm, under the 
operating conditions used during the analysis. Solid-state X-ray detectors are least sensitive in the low energy 
region, and so detection of sodium in crocidolite is an additional performance criterion. 

The instrumental combination shall satisfy the minimum requirements with regard to the visibility of fibres, as 
specified in 6.4.1, and identification ofthe fibres, as specified in 6.4.3. 

5.3.3 Stereo-microscope, with a magnification of approximately 20 x, for visual examination of the particulate 
deposit on the filter. 

5.3.4 Gold-coated capillary-pore polycarbonate filters, of 0,8 pm maximum nominal pore size, for collection 
of air samples. 

The gold coating shall be approximately 30 nm thick applied to the shiny side of the filter. The procedure for 
preparation of the gold-coated filters is described in annex A. 

NOTE Optionally, a 20 nm thick layer of gold may be evaporated on to the reverse side of the filter. This coating serves to 
protect the filter during plasma ashing and can help to improve the contrast of fibres in the SEM image. 
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5.3.5 Backing filters of cellulose ester membrane, or absorbent pads, with a porosity of approximately 5 pm to 
be used as diffusing filters behind the sample collection filters. 

5.3.6 Disposable plastic field monitors (optional) 

If disposable plastic field monitors are used, they shall consist of 25 mm to 50 mm diameter, three-piece cassettes, 
which conform to the requirements of 5.1.1. The cassette shall be loaded with a gold-coated, capillary-pore 
polycarbonate filter of maximum nominal pore size 0,8 pm, backed by a cellulose ester filter of 5 pm porosity. 
Suitable precautions shall be taken to ensure that the filters are tightly clamped in the assembly so that significant 
air leakage around the filter cannot occur. 

Re-use of disposable plastic field monitors is not recommended. 

5.3.7 Technically pure oxygen, for operation of the plasma asher. 

5.3.8 Rubber connecting hoses, for connecting the sampling head to the pump, and other equipment in the 
sampling train. 

The hose shall have a wall thickness such that it does not collapse under a vacuum of 50 kPa. Silicone rubber 
hose has been found to meet the requirements. 

5.3.9 Filter containers, for transport and storage of filters if disposable field monitors are not used. 

5.3.10 Routine electron microscopy tools and supplies. 

Fine point tweezers, scalpel holders and blades, double-coated adhesive tape, SEM specimen stubs and colloidal 
carbon paint and other routine supplies are required. If a vacuum evaporator is used for preparation of gold-coated 
filters, gold wire and tungsten filaments are required. For carbon evaporation, spectroscopically pure carbon rods 
and a means of sharpening the rods is required. 

5.3.11 Sample for resolution adjustment. 

A gold-coated polycarbonate filter, on which chrysotile fibres with a width < 0,2 pm have been deposited, is 
required for adjustment of the operating conditions of the SEM. 

5.3.12 Sample for magnification calibration 

A test sample is required to calibrate the magnification of the SEM. The magnification standard SRM484e (U.S. 
National Institute of Standards and Technology) is an example of a sample which meets the requirement. 

6 A i r s a m p l e c o l l e c t i o n a n d ana lys is 

6.1 Measurement planning 

When determining the spatial and temporal scope of the measurements, it Is important to take into consideration 
the special aspects of the situation. It is therefore essential to define the objective of the measurements before 
samples are collected. Any available information on emission sources, meteorological conditions and the local 
situation should be taken into account in order to obtain the maximum information from the measurements. The 
number of individual measurements to be made should be selected according to the particular task. In particular, 
prior to collection of the samples, the required accuracy for the mean concentration of the inorganic fibres should 
be specified, since the error of each individual measurement needs to be taken into consideration in determining 
the number of samples to be collected. Measurement uncertainty is discussed in clause 8. 

6.2 Col iect ion of air samples 

Figure 2 shows an example of a sampling train. Position the sampling head approximately 1,5 m above ground 
level. 
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If a re-usable sampling head is used, place a 5 pm porosity cellulose ester backing filter on to the filter support in 
the sampling head. Place a gold-coated filter on top of the backing filter, with the shiny side facing into the direction 
of the airflow. Clamp the filters in the sampling head so that the gold-coated filter lies flush against the backing filter 
and is tightly fitted. Ensure that damage does not occur to the filter during clamping, and that the filter is not 
twisted. 

Before air sampling is commenced, perform a brief test with the tube to the sampling head closed, to determine if 
any leaks exist in the complete sampling system. Under the conditions of this test, the flowrate indicated by the 
volumetric flowmeter shall be less than 10 % ofthe unimpeded flowrate. Open the tube only after the pump has 

'—' been switched off, in order to avoid sudden pressure surges. 

Leaks around the filter can also occur if the filter is inadequately sealed on the low pressure side, or if the fiiter has 
been damaged. Observation of a lower differential pressure at the start of the air sampling indicates that a serious 
leak exists. If, after sampling, particulate deposits are observed around the edge of the backing filter or on the 
unexposed edges ofthe sampling filter, a leak around the filter has occurred and the sample shall be rejected. 

When sampling is to be commenced, start the pump and the timer simultaneously. 

Within 2 min of the start of sampling, adjust the volume flowrate to approximately 2 l/min per square centimetre of 
effective filter area (this value shall not vary by more than ± 10 % for the period of sampling). This corresponds to a 
filter loading of 1 000 I per square centimetre of effective fiiter area over a sampling period of approximately 8 h. 

At the end of the sampling period, switch off the sampling apparatus. If a programmer was used, confirm that the 
sampler operated within the required parameters for the preset sampling period. Taking care not to disturb the 
particulate deposits on the filter surface, remove the sample collection filter and store it upright in a dust-tight 
sample container. 

Record all sampling data which may be of significance for later interpretation. An example of a form for recording of 
air sampling data is shown in Figure 4. The location of the sampling apparatus shall be documented in the form of 
a sketch and, if possible, a photograph. 

In fog, a thick coating (including calcium sulfate fibres) on the sampling filter may occur, resulting in a rapid 
increase in the pressure differential across the filter. Under these conditions, it is not possible to collect a 
satisfactory sample to represent the normal sampling period, and it will be necessary to take several sequential 
samples, each collected over a shorter sampling time, in order to obtain filters suitable for analysis. Annex E shows 
the procedure for calculation of a mean value from the results of several sequential short-term samples. If fog is an 
unusual occurrence, more representative results could be obtained by collection of air samples when the weather 
conditions are more typical. 

6.3 SEM specimen preparat ion 

Before sample analysis, examine the uniformity of the particulate deposit on the filter. If the particulate deposit 
shows evidence of non-uniformity, reject the filter. 

If the particulate deposit is uniform, place the filter into the holder of the mounting ring, and position it in the plasma 
asher, as shown in Figure 3. The plasma ashing treatment removes the majority of the organic material on the filter, 
and this considerably facilitates the SEM analysis ofthe sample. 

The rate of oxidation of the organic material on the filter by the oxygen plasma is enhanced by the electrical 
conductivity of the filter and the sample holder. Under the specified operating conditions, the plasma ashing 
treatment is generally completed after approximately 30 min. After the plasma ashing treatment, either the whole 
filter or a part thereof is mounted on an SEM specimen stub, without any further preparation, for SEM analysis. 

NOTE 1 The portion of the filter to be analysed may be mounted on the SEM specimen stub either before or after the plasma 
ashing treatment. 

NOTE 2 Double-sided conductive adhesive tape has been found to be an effective means of mounting the filter. 
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AIR SAMPLING DATA SHEET: ISO 14966 

Project: No.: 

Sample No.: 

Sampling location: 

Sampling apparatus (type): 

Sampling times: 

Start (date, time): End (date, time): 

Duration (hours, minutes): 

Sampling filter (type): 

Nominal pore size (pm): 

Effective diameter (mm): 

Diameter (mm): 

Effective filter area (mm^): 

Sampling data 

Volumetric meter readings: 

Start (m3): End (m3): 

Volumetric throughput (m^): 

Volumetric flowrate 

Start (m3/h): End (m3/h): 

Mean volumetric flowrate (m^/h): 

Meteorological data (if required) 

Air temperature (°C): 

Wind velocity (m/s): 

Relative humidity (%): 

Weather characteristics: 

Remarks: 

Sampler (Name): 

Signature: 

Date of analysis: 

Figure 4 — Example of a sampling log form for recording of sampling data 
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r—I If, during SEM analysis, fibres are detected which appear to be organic, the plasma ashing treatment can be 
repeated to remove them. 

In exceptional cases, it may be necessary to evaporate a thin film of carbon onto the SEM specimens in order to 
n reduce localized charging, increase the contrast, and thus improve the visibility of fine fibres. This will generally be 
J required only when the filter has a very heavy particulate loading. 

n 6.4 Analys is in the scanning electron microscope 

6.4.1 General instructions 

Examine the filter sample at an accelerating voltage of approximately 20 kV and an image magnification of 
between 2 000 x and 2 500 x. For fibre classification in the SEM, an accelerating voltage of 20 kV is 
recommended. 

J Adjust the SEM such that fibres with a width of approximately 0,2 pm are just visible at a magnification of 2 000 x. 
This adjustment is performed by selecting a fibre on the prepared sample, or on a test sample, which is just visible 

n at the magnification of approximately 2 000 x used for fibre counting. The width of this fibre is then confirmed by 
measuring it at a magnification of 20 000 x. This adjustment shall be carried out on at least two separate fibres 
before the analysis is started, and it shall be repeated several times during the course of a series of analyses to 
ensure that the fibre visibility conditions have not changed. 

J Position the X-ray detector such that it subtends the largest possible solid angle at the specimen surface. The 
sample shall not be tilted to an angle greater than 20° when counting and sizing the fibres. 

Select the operating parameters of the SEM and the X-ray detector system so that a statistically acceptable X-ray 
spectrum can be acquired from a chrysotile fibre of 0,2 pm width on the test sample within a maximum period of 

n ''°° -̂
J The criteria for statistical acceptability require, for peak height, P, and background level, B: 

-1 P > 3 ^ (1) 

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the magnesium 
and silicon peaks [16], and 

] ^ > . 
for each of the magnesium and silicon peaks. 

During analysis, each selected image field is examined for fibres of the length and width ranges specified in 6.4.2. 
~ Using EDXA, these fibres are then classified into compositional groups according to the criteria specified in 6.4.3. 
_ The sequential number of the image field, the fibre length, the fibre width, the elemental composition and the fibre 

classification are recorded on a fibre counting form. An example of a suitable fibre counting form is shown in 
—, Figure 5. In order to document the appearance and particulate loading of the sample, three micrographs shall be 

taken of each sample and attached to the fibre-counting form. 

6.4.2 Fibre-counting criteria 

6.4.2.1 General 

~ Examine at least 50 image fields in order to reduce, to the extent that is possible, the effect of fluctuations in the 
filter loading density on the counting result. Select image fields to be evaluated in such a way that the whole area of 
the sample is taken into account and overlapping of the image fields does not occur. Count fibres in accordance 

-, with the specifications in 6.4.2.2 to 6.4.2.9, and the examples shown in Figures 6 and 7. 
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FIBRE COUNTING FORM: ISO 14966 

Sample No.: 

Calcium 
sulfate 

Number of 
image 
fields 

Tally list: 

Totals 

Date: 

Tally list: 

Fibre 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Image field 
No. 

/ 

pm 

Chrysotile type fibres: 

Amphibole fibres: 

Other inorganic fibres: 

Calcium sulfate: 

Total number of image fields: 

Number of image fields rejected: 

Calibrated magnification: 

D 

pm 

Page No.: 

Rejected 
structures 

Name: 

Tally list: 

Elemental composition Fibre type 

Number rejected: 

Bundles: Clusters: Matrices: 

Number of fibres without spectrum: 

Micrograph numbers: 1: 

2: 

3: 

Figure 5 — Example of fibre counting form 
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0 = Do not count 
1 = Count 

Figure 6 — Examples of fibres extending outside the image field 

/ 

Fibre: count as 1 Split fibre: count as 1 Fibre bundle: count as 1 

Cluster: count as 3 Cluster: count as 5 Matrix: count as 1 (particle < 3 pm) 

Matrix: count as 1 (particle < 3 pm) Do not count (particle > 3 pm) Matrix: count as 2 (particle < 3 pm) 

Figure 7 — Examples of the interpretation of the counting rules 
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6.4.2.2 Countable fibre 

A countable fibre is defined in 2.14 as any object longer than 5 pm, a maximum width less than 3 pm, and a 
minimum aspect ratio of 3:1. 

6.4.2.3 Bundle 

A fibre bundle or a split fibre is counted as a single fibre if the overall dimensions of the bundle or the split fibre 
conform to those of the countable fibre definition as given in 2.14. The diameter of a fibre bundle or split fibre is 
defined as the maximum width in the compact region. 

6.4.2.4 Cluster 

Each countable fibre, fibre bundle or split fibre within a cluster is counted individually if both ends of the fibre, 
bundle or split fibre can be separately located and its length and maximum width measured. For a cluster in which 
no individual countable fibres are visible, count the cluster as a single fibre if the overall dimensions of the cluster 
conform to those of the countable fibre definition in 2.14. 

6.4.2.5 Matrix 

Each countable fibre, fibre bundle or split fibre within a matrix is counted individually if both ends of the fibre, 
bundle or split fibre can be separately located and its length and maximum width measured. For a matrix in which 
no individual countable fibres are visible, count the matrix as a single fibre if overall dimensions of the matrix 
conform to those of the fibre definition in 2.14. 

6.4.2.6 Fibres extending outside of the image field 

For each image field, count all countable fibres except those which extend over the right-hand or the bottom edge 
of the image field. Do not count fibres which have no terminations within the image field. Figure 6 shows examples 
of the counting criteria. 

6.4.2.7 Rejection of overloaded image fields 

Reject the image field if more than one eighth of an image field is covered by aggregates of fibres and/or particles. 
Record each rejection of an image field on the fibre counting form. If more than 10 % of the image fields are 
rejected in accordance with this criterion, the sample is overloaded and shall be rejected. 

6.4.2.8 Recording of fibrous particles not meeting the specified definitions 

Observations of fibrous particles which do not meet the specified definitions, for example, fibres with adherent 
particles (matrices), or fibre bundles and clusters with widths greater than 3 pm, shall be recorded on the fibre 
counting form. 

6.4.2.9 Termination of fibre counting 

Continue the examination until completion of the field in which the 100th inorganic fibre (other than calcium sulfate 
fibres) occurs. If, after examination of 50 image fields, 100 fibres have not been detected, further fields shall be 
examined until either a total of 100 inorganic fibres has been counted or sufficient area has been examined to 
achieve the desired analytical sensitivity. For most applications, it is recommended that at least 1 mm^ of the filter 
area be examined. 

6.4.3 Fibre classification 

6.4.3.1 General 

A simple fibre classification procedure is used in which each fibre is classified as chrysotile asbestos, amphibole 
asbestos, calcium sulfate or other type of inorganic fibre on the basis of a semi-quantitative analysis of the 
elemental spectrum. The fibres are classified into the above categories on the basis of their X-ray emission spectra. 
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NOTE In this method, the term "fibre classification" is used, rather than "fibre identification", to distinguish between a 
definitive identification based on a combination of morphology, chemical composition and crystal structure, and the result 
obtained by this method in which fibres are presumed to be asbestos if they exhibit an EDXA spectrum consistent with one of 
the asbestos varieties. If airborne fibres detected by this method exhibit EDXA spectra consistent with bulk materials present at 
the site where the air samples were collected, and these bulk materials have already been identified as one of the asbestos 
varieties by polarized light microscopy or transmission electron microscopy, the presumption that the fibres observed are 
asbestos is much stronger. 

Fibres are classified into four categories: 

a) fibres with chemical compositions consistent with those of serpentine asbestos; 

b) fibres with chemical compositions consistent with those of amphibole asbestos; 

c) calcium sulfate fibres; 

d) other inorganic fibres. 

The "other inorganic fibres" category includes all fibres which cannot be classified as either asbestos or calcium 
sulfate, but which do exhibit spectra indicating that they are of inorganic compositions. 

It is important to recognize that, during acquisition of an EDXA spectrum from a fibre, scattering of the electron 
beam may result in emission of X-rays from particles attached to, or in close proximity to the fibre being analysed. 
The EDXA spectrum obtained may therefore contain contributions from these particles, and the spectrum may 
contain X-ray peaks from elements that are not present in the asbestos varieties. In these cases, attempts should 
be made to acquire EDXA spectra from several positions on the fibre, as far away from adhering or adjacent 
particles or fibres as possible, in order to minimize the contributions from the other particles. 

Use the criteria given in 6.4.3.2 to 6.4.3.8 to classify the spectra: 

6.4.3.2 Serpentine (chrysotile) 

Classify a fibre as serpentine (chrysotile) if 

a) the Mg and Si peaks are clear, with (P -i- B)IB > 2; 

b) any Fe, Mn and Al peaks are small, with PIB < 1. 

NOTE 1 Depending on the composition of adjacent or attached particles, other peaks such as Ca or Cl may also be visible. 

NOTE 2 Anthophyllite and talc both yield EDXA spectra which conform to this specification, but the Mg/Si peak height ratio for 
these minerals is lower than that for serpentine. In order to avoid erroneous classification of talc or anthophyllite as serpentine, it 
is important to take account of the Mg/Si peak height ratio, and to calibrate the EDXA detector using known samples of 
serpentine and talc. 

6.4.3.3 Amosi te 

Classify a fibre as amosite if: 

a) the Si and Fe peaks are clear, with {P -̂• B)IB > 2; 

b) any Na, Mg and/or Mn peaks are small. 

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl may also be visible. 

6.4.3.4 Crocidolite 

Classify a fibre as crocidolite i f 
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a) the Na, Si and Fe peaks are clear, with {P + B)IB > 2; 

b) any peak from Mg is small, and any Mn peak is small with P/B < 1. 

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl may also be visible. 

6.4.3.5 Tremol i te or act inol i te 

Classify a fibre as tremolite or actinolite if: 

a) the Mg, Si and Ca peaks are clear, with (P + B)IB > 2; 

b) a peak from Fe may be present, but any Na peak is faint, with P/B < 1:1. 

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl may also be visible. 

6.4.3.6 Anthophy l l i te or talc 

Classify a fibre as anthophyllite or talc if: 

a) the Mg and Si peaks are clear, with {P -i- B)IB > 2; 

b) the Mg/Si peak height (or area) ratio is consistent with that obtained on fibres of reference anthophyllite or talc, 
and any peaks from Fe, and Ca are small. 

NOTE Using this analytical method, it is not possible to discriminate routinely between anthophyllite with a low iron 
concentration and talc with a high iron concentration. The fibre morphology may assist in discrimination between anthophyllite 
and talc. Ribbon-like fibres are probably talc, whereas straight, rod-like fibres are possibly, but not necessarily, anthophyllite. If 
fibres of this composition are observed, it is recommended that the sample be evaluated using transmission electron 
microscopy. 

6.4.3.7 Calc ium sul fate 

Classify a fibre as calcium sulfate if 

— the Ca and S peaks are clear, with (P + B)IB > 2. 

NOTE Depending on any adjacent or attached particles, peaks from other elements may be visible. 

6.4.3.8 o the r inorganic f ibres 

Classify a fibre as an other inorganic fibre if it yields a spectrum containing any combination of elements which 
cannot be classified into categories 6.4.3.2 to 6.4.3.7. 

NOTE 1 On the basis of the above criteria, silicate fibres can be classified only as those exhibiting chrysotile-like or 
amphibole-like elemental spectra (asbestos), calcium sulfate and other inorganic fibres. This procedure can result in an 
over-estimation of the asbestos fibre content [12]. 

NOTE 2 In the above criteria, amosite and crocidolite have been classified separately. However, some X-ray detectors may 
not be sufficiently sensitive to detect the sodium peak from crocidolite and, when using these types of detector, routine 
discrimination between amosite and crocidolite may not be possible. In this case, amosite and crocidolite fibres are classified 
into the same category. 

6.4.3.9 Fibres wh ich exhibi t no definit ive X-ray peaks 

Observation of fibres which yield no definitive X-ray peaks in the EDXA spectrum can be interpreted as an 
indication that residual organic material is still present after ashing. Very fine inorganic fibres with widths less than 
0,2 pm usually do not yield statistically significant X-ray peaks. 



l o w IH-^DO./ tUU^^C; 

6.4.3.10 Reference EDXA spectra from standards of the asbestos varieties 

For any particular fibre, the relative heights of the peaks in the EDXA spectrum vary with the characteristics of the 
X-ray detector. In particular, the detection efficiency for X-ray peaks from low atomic number elements is higher for 
ultra-thin window detectors than it is for standard beryllium window detectors. Because each EDXA detector has 
different efficiency characteristics, it is necessary to obtain reference spectra for each SEM-EDXA system, using 
standards of the asbestos varieties. A series of such spectra, collected using an ultra-thin window detector, are 
shown as examples in Figure 8. These spectra are used for comparison purposes in the classification of fibres. 
Since the performance of the EDXA detector may change with time, new reference spectra must be obtained at 
appropriate intervals, and particularly after any maintenance of the detector has been carried out. 

Fe 

)00 1,000 2,000 3,000 4,000 5,000 6,000 7,000 e,ooo 9,000 
keV 

a) Fibre of reference chrysotiie (no gold coating) 

Fe 

Ca Mn LL 
1,000 2,000 3,000 4,000 5,000 6,000 7,000 9,000 9,000 

keV 

b) Fibre of reference amosite (no gold coating) 

Figure 8 — EDXA spectra of fibres of reference materials 
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Fe 

i Fe 

2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 

c) Fibre of reference crocidolite (no gold coating) 

keV 

Fe 

3,ooo 4,000 5,000 6,000 7,000 8,000 9,000 

d) Fibre of reference tremolite (no gold coating) 

Figure 8 (continued) 

keV 
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Fe 

Mn Fe 

3,000 4,000 5,000 6,000 7,000 8,000 9,000 

e) Fibre of reference actinolite (no gold coating) 

keV 

Fe 
Fe Cu 

JOO 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,OOO 9,000 

f) Fibre of reference anthophyllite (no gold coating) 

Figure 8 (continued) 

keV 
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0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0 12,0 

a) Fibre of chrysotile on a gold-coated filter with other particles 

Au 

LypMyiMi i i f i i i iH i i i | i i I 

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0 12,0 

b) Fibre of amosite on a gold-coated filter with other particles 

Figure 9 — Examples of EDXA spectra f rom asbestos f ibres on gold-coated f i l ters 
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0,0 1,0 

NOTE 

2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0 12,0 

c) Fibre of crocidolite on a gold-coated filter with other particles 

The spectra were obtained from fibres detected in actual air samples. 

Figure 9 (continued) 

6.4.3.11 Precautions during acquisition of EDXA spectra 

During the acquisition of EDXA spectra, care shall be taken to ensure that the electron beam is stable, that the 
point of incidence is on the fibre and that the beam does not drift off the fibre during the analysis. It is also 
necessary to ensure that the point of incidence of the electron beam is as far as possible from any attached or 
adjacent fibres and/or particles, in order to obtain a spectrum from the fibre with a minimum of interference. 

In some cases, it is not possible to classify a fibre unambiguously. This could be because of interference by other 
particles or fibres, or because the peak to background ratios are insufficient. When this occurs, annotate the data 
for these fibres by an asterisk and indicate the reason on the fibre counting form. 

6.4.3.12 EDXA spectra collected from actual air samples 

Examples of EDXA spectra collected from chrysotile, amosite and crocidolite fibres detected in actual air samples 
are shown in Figure 9. Peaks from gold will always be present in these spectra, but their intensities will vary 
depending on the size of the fibre from which the spectrum is being acquired, and other factors relating to the 
interaction of the electron beam with the gold-coated substrate. Other peaks present in the spectra, and variations 
in relative peak intensities, can be attributed to adjacent or attached particles. 

6.4.4 Measurement of fibre dimensions 

For measurement of the fibre dimensions, particularly the fibre width, it is recommended to increase the 
magnification to about 10 000 x or higher. It is also recommended to acquire the EDXA spectrum at this 
magnification. Before moving the specimen stage and switching to a higher magnification, the position of a 
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prominent structure in the field of view should be noted, in order to allow correct repositioning of the specimen 
stage after analysis of the particular fibre has been completed. 

6.4.5 Recording of data on the fibre counting form 

For each fibre classified as "asbestos" or "other inorganic fibres", record the image field number, fibre number, 
length and width, elemental composition and fibre classification. On the fibre counting form, each fibre classified as 
"asbestos" shall be further classified as either "chrysotile" or "amphibole". It is recommended that the "amphibole" 
category be further divided, to the extent possible, into categories representing compositions consistent with the 
different varieties of amphibole asbestos. 

Count calcium sulfate fibres, but do not measure their dimensions. Enter the count of calcium sulfate fibres on the 
fibre counting form as a tally list, as shown in Figure 5. 

7 C a l c u l a t i o n o f r esu l t s 

7.1 Calculat ion of the mean fibre concentrat ion 

The measurement obtained by this method is the numerical concentration c, (in fibres per cubic metre for fibre 
type /) of inorganic fibres longer than 5 pm, less than 3 pm in maximum width, and which also have minimum 
aspect ratios of 3:1. Based on the EXDA results, these fibres are classified into groups according to Table 1. 

Table 1 — Fibre classifications 

Fibre classification 

1 Fibres with compositions consistent with those of 
serpentine asbestos 

2 Fibres with compositions consistent with those of 
amphibole asbestos 

3 Other inorganic fibres 

4 Calcium sulfate 

Numerical concentration 

^̂ 4 

Calculate the numerical concentration for fibre classification / (/ = 1, 2, 3, 4) as follows: 

' ' N - V L 
(3) 

where 

4 - F s • V x ^ 0 ' 
(4) 

and 

c, is the numerical fibre concentration of fibre classification /, in fibres per cubic metre; 

«, is the number of fibres counted for fibre classification /; 

A' is the number of image fields examined; 
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Vg is the sampled air volume, in cubic metres, per image field; 

F ĵ is the area of the image field, in square millimetres; 

K is the sampled air volume, in cubic metres; 

Jgff is the effective filter diameter (diameter of the exposed circular filter area), in millimetres. 

The data recorded on the fibre counting form can be used to determine the size distribution for fibres (except 
calcium sulfate fibres) with aspect ratios greater than 3:1 within the length range from 5 pm to 100 pm, and the 
width range from 0,2 pm to 3 pm. 

Depending on the choice of sampling equipment, the sampled air volume is calculated as the difference between 
the meter readings of a gas-volume meter at the start and end of sampling, or from the average volume flowrate 
and sampling time. 

The numerical concentration of fibres with chemical compositions consistent with those of the asbestos varieties is 
then calculated as: 

C = C^ -H C2 (5 ) 

and the concentration for all inorganic fibres C j (excluding calcium sulfate fibres) is then calculated as: 

c j = C'̂  + 02 + C3 (6) 

7.2 Calculat ion of the 95 % confidence interval 

For the number of fibres «, of classification ; detected in the SEM examination, obtain the values for the lower and 
upper 95 % confidence limits, A^ and A^j, from Table 2. Convert these values into numerical fibre concentrations 
using the equations: 

c ! - = ^ ^ (7) 
N - V s 

(8) 
N -Vf 

If Hj fibres of fibre classification / were counted during the examination, then there is a 95 % probability that the 

numerical fibre concentration will lie within this range. 

8 P e r f o r m a n c e c h a r a c t e r i s t i c s 

8.1 General 

Asbestos fibre concentrations measured in ambient air are generally of the order of less than 1 000 fibres/m^, and 
mostly less than lOOfibres/m^ (fibres longer than 5 pm). Consequently, the number of asbestos fibres counted 
during individual measurements is usually very low [12]. Calculation of the performance characteristics 
(measurement uncertainty, sampling uncertainty, analysis uncertainty) is therefore based on the total number of 
asbestos and other inorganic fibres. 



I-^KJ l ' * V O O . £ . \ J \ J £ . \ C ) 

8.2 Measurement uncertainty 

8.2.1 Systematic errors 

Systematic errors in the measured numerical fibre concentration can occur as a result of 

a) sampling (errors in measurement of volume flowrate); 

b) SEM specimen preparation (fibre losses during handling and plasma ashing); 

c) analysis (adjustment of SEM, fibre counting, measurement and identification). 

The most critical items leading to systematic errors are those associated with the SEM examination. These include: 

— detection and analysis of thin fibres with widths close to and lower than the calibrated visibility limit of 0,2 pm; 

— subjective interpretation of aggregates comprising fibres and isometric particles during fibre counting; 

— interpretation of EDXA spectra to classify fibres, particularly for spectra subject to interferences by coatings or 
adjacent particles. 

8.2.2 Random errors 

Random variation of the results occurs as a result of Poisson variability, and this is particularly important for low 
fibre counts. Low fibre counts are often experienced for asbestos fibres longer than 5 pm. The variability associated 
with particular fibre counts can be estimated using the Poisson distribution, as described in 8.2.6. 

Where particular requirements are specified with regard to the accuracy of the measuring process, this statistical 
uncertainty in the results should always be taken into account during the planning of the sampling process and the 
evaluation of the extent of the measurement process resulting therefrom. 

If extreme fluctuations in the fibre concentrations in ambient air occur as a result of, for example, meteorological 
influences, corresponding variations in the measurements will be found. In this type of situation, the sampling 
period and the number of individual measurements should be selected during planning of the air sampling in order 
to minimize the effects of such influences. 

The errors described in 8.2.1 to 8.2.4 are defined as relative variables on the basis of experience, expressed as 
twice the standard deviation, which is approximately equivalent to a 95 % confidence interval. All of the errors 
specified relate to measurements of fibres longer than 5 pm and shorter than 100 pm. 

8.2.3 Errors due to sampling 

The sampling error is defined as the scatter of the measured results when using side-by-side identical sampling 
systems. On the basis of comparison measurements [17], the relative standard deviation was determined to be: 

2 o-p < 15% 

8.2.4 Errors associated with the SEM examination 

The errors associated with the SEM examination were calculated for the sums of fibres classified as asbestos and 
as other inorganic mineral fibres (excluding calcium sulfate fibres) from the results of four separate series of 
measurements in each of which there were five different participating laboratories [17]. From these results, a 
relative standard deviation of 

2 a A < 35 % 

was obtained. 
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From these comparison measurements [17], the relative standard deviation due to the subjective error of the 
operator, using one laboratory and one sample, was found to be: 

2CTSF =15% 

This shows clearly that the equipment, subjective factors and the characteristics of the preparation are major 
aspects which determine the total error of the measurement. 

8.2.5 Total error of the measurement 

Provided that the errors from different sources are independent, the standard deviation for the overall 
measurement is given by: 

o-j =7o-p+0-A+cr| (9) 

where 

cr-p is the standard deviation for the overall measurement; 

o-g is the standard deviation for the sampling errors; 

Gf̂  is the standard deviation for the analysis errors; 

(Tp is the standard deviation for the Poisson variability. 

The standard deviation for the combination of sampling and analysis is calculated from crp and af̂^ to give: 

2o-y < 38 % 

For individual samples, the standard deviation for the Poisson variability must be combined with these standard 
deviations to obtain the standard deviation for the measurement. The Poisson variability is dependent on the 
numberof fibres counted, and is estimated as in 8.2.6. 

8.2.6 Random errors due to fibre counting 

Assuming that the numerical fibre concentrations on the filter are low, the probability P of detecting n fibres of a 
given fibre class during examination of Â  image fields can be described using the Poisson distribution: 

P(n.a) = ̂ -^^'^tA (10) 
n\ 

The variable a can be regarded as the product of the probability p of finding one fibre of the corresponding fibre 
class in one image field, and A', the number of image fields examined. It corresponds to the expected value n of the 
number of fibres detected during examination of N image fields. On the basis of the Poisson distribution, using 
Table 2, it is possible to determine the 95 % confidence interval for the calculated fibre number concentration. 

For illustration. Figure 10 shows the probability density for detection of 0, 2 and 4 fibres in 165 image fields. The 
abscissa scale has been converted to fibre concentration in fibres per cubic metre, assuming a sampled air volume 
of 0,01 m^ per image field. 

' : . - i 
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Fibre 
coun t 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

^ The one-

Tab le 2 — U p p e r a n d l o w e r l i m i t s o f t h e P o i s s o n i a n 95 % c o n f i d e n c e i n t e r v a l o f a c o u n t 

Lower 

0 

0,025 

0,242 

0,619 

1,090 

1,624 

2,202 

2,814 

3,454 

4,115 

4,795 

5,491 

6,201 

6,922 

7,654 

8,396 

9,146 

9,904 

10,668 

11,440 

12,217 

13,000 

13,788 

14,581 

15,378 

16,178 

16,983 

17,793 

18,606 

19,422 

20,241 

21,063 

21,888 

22,715 

23,545 

24,378 

25,213 

26,050 

26,890 

27,732 

28,575 

29,421 

30,269 

31,119 

31,970 

32,823 

Upper 

3,689 3 

5,572 

7,225 

8,767 

10,242 

11,669 

13,060 

14,423 

15,764 

17,085 

18,391 

19,683 

20,962 

22,231 

23,490 

24,741 

25,983 

27,219 

28,448 

29,671 

30,889 

32,101 

33,309 

34,512 

35,711 

36,905 

38,097 

39,284 

40,468 

41,649 

42,827 

44,002 

45,175 

46,345 

47,512 

48,677 

49,840 

51,000 

52.158 

53,315 

54,469 

55,622 

56,772 

57,921 

59,068 

60,214 

sided upper 95 % confidence limi 

Fibre 
count 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

1 for zero structures 

Lower 

33,678 

34,534 

35,392 

36,251 

37,112 

37,973 

38,837 

39,701 

40,567 

41,433 

42,301 

43,171 

44,041 

44,912 

45,785 

46,658 

47,533 

48,409 

49,286 

50,164 

51,042 

51,922 

52,803 

53,685 

54,567 

55,451 

56,335 

57,220 

58,106 

58,993 

59,880 

60,768 

61,657 

62,547 

63,437 

64,328 

65,219 

66,111 

67,003 

67,897 

68,790 

69,684 

70,579 

71,474 

72,370 

73,267 

is 2,99. 

Upper 

61,358 

62,501 

63,642 

64,781 

65,919 

67,056 

68,192 

69,326 

70,459 

71,591 

72,721 

73,851 

74,979 

76,106 

77,232 

78,357 

79,482 

80,605 

81,727 

82,848 

83,969 

85,088 

86,207 

87,324 

88,441 

89,557 

90,673 

91,787 

92,901 

94,014 

95,126 

96,237 

97,348 

98,458 

99,567 

100,68 

101,79 

102,90 

104,00 

105,11 

106,21 

107,32 

108,42 

109,53 

110,63 

111,73 

Fibre 
coun t 

92 

93 

94 

95 

96 

97 

98 

99 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

Lower 

74,164 

75,061 

75,959 

76,858 

77,757 

78,657 

79,557 

80,458 

81,360 

90,400 

99,490 

108,61 

117,77 

126,96 

136,17 

145,41 

154,66 

163,94 

173,24 

182,56 

191,89 

201,24 

210,60 

219,97 

229,36 

238,75 

248,16 

257,58 

267,01 

276,45 

285,90 

295,36 

304,82 

314,29 

323,77 

333,26 

342,75 

352,25 

361,76 

371,27 

380,79 

390,32 

399,85 

409,38 

418,92 

428,47 

Upper 

112,83 

113,94 

115,04 

116,14 

117,24 

118,34 

119,44 

120,53 

121,66 

132,61 

143,52 

154,39 

165,23 

176,04 

186,83 

197,59 

208,33 

219,05 

229,75 

240,43 

251,10 

261,75 

272,39 

283,01 

293,62 

304,23 

314,82 

325,39 

335,96 

346,52 

357,08 

367,62 

378,15 

388,68 

399,20 

409,71 

420,22 

430,72 

441,21 

451,69 

462,18 

472,65 

483,12 

493.58 

504,04 

514,50 
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Fibre concentration, fibres/m^ 

Figure 10 — Distribution of the probability density of the fibre concentration for 0, 2 and 4 fibres detected 
in an analysed air volume of 0,01 m^ 

8.3 Limi t of detect ion 

The limit of detection is defined as the numerical fibre concentration below which, with 95 % confidence, the actual 
fibre concentration lies when no fibres are detected during the SEM examination. 

The detection limit depends on: 

a) the volume of air which passed through the filter during the period of sampling; 

b) the effective area of the filter; 

c) the area of filter examined. 

If no fibres are detected during the SEM examination, Table 2 shows that the upper 95 % confidence limit is 
2,99 fibres. The detection limit, £, for the measurement is given by: 

E = 
2,99 

(11) 

A limit of detection of approximately 300 fibres/m^ is obtained with a sampled air volume of 1 m^ per square 
centimetre of filter surface area, if an area of 1 mm^ is examined in the SEM. This corresponds to evaluation of an 
air volume of 0,01 m^. 

Theoretically, the limit of detection can be reduced indefinitely by increasing the area of filter examined in the SEM. 
For example, the limit of detection can be reduced to approximately 150 fibres per cubic metre if, with a sampled air 
volume of 1 m^ per square centimetre of filter area, the SEM examination is extended to an area of 2 mm^. 

Any background contamination by fibres which may exist on unused filters is not taken into account in the quoted 
detection limit. Experience has shown, however, that background contamination levels of unused filters are 
negligible compared with the above detection limit. 



lov^ i t s o o . ^ u u ^ ^ c i ; 

The limit of detection may also be reduced by increasing the volume of air sampled. However, the extent to which 
the sampled air volume can be increased may be limited by the concentration of non-fibrous particles in the 
ambient air. This can result in an increased formation of agglomerates on the filter and consequent obscuration of 
fibres, or the pores of the filter may become blocked during sampling, leading to an unacceptable increase in the 
differential pressure across the filter. 

The choice of an appropriate sampling time and the necessary extent of the SEM examination are therefore 
aspects of the measurement which shall be optimized at the planning stage for each particular application. 

9 Test report 

The test report shall include at least the following information: 

a) reference to this International Standard; 

b) identification of the sample; 

c) the date, time and location of the air sample collection, and all necessary sampling data, including the volume 
of air sampled, the sampling time and the effective diameter of the sample collection filter; 

d) the analysed air volume; 

e) the analytical sensitivity; 

f) the number of fibres in each of the fibre classifications detected during the SEM examination, and their 
calculated numerical concentrations. 

It is recommended that the upper and lower 95 % confidence limits be reported for the fibres classified as asbestos 
and those classified as other inorganic fibres. An example of a test report is shown in Figure 11. 
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TEST REPORT 

"Project title" 

Sampling 
Date: "Date of sample coliection" 

Measurement number: "Number" 

Sampling apparatus: "Type" 

Sampie volume: 3,8 m^ 

Sampling duration: 8 h 

Effective filter area: 380 mm^ 

Type of measurement;" " 

Location: "Description ofthe sampling location" 

Air sampling by: 

Analysis in the SEM 

Scanning electron microscope: "Type of SEM" 

Analysis system: "Type of EDXA" 

Filter area analysed: 1 mm^ 

Image field area: 0,01 mm2 

Number of rejected: Bundles: 1 

Number of fibres without spectrum; 4 

Magnification: 2 000 x 

Number of image fields examined: 100 

Number of image fields rejected: 5 

Clusters: 0 Matrices: 2 

Micrograpli Numbers: 456, 457, 458 

Results 1 
Fibre 

classification 

Amphibole 

Chrysotile 

Total asbestos 

Other inorganic 

Calcium sulfate 

Number 
of fibres 
counted 

6 

3 

9 

15 

8 

Fibre concentration (fibres/m^) 

Mean 

600 

300 

900 

1 500 

800 

Poissonian 95 % confidence interval 

220 to 1 310 

60 to 880 

410 to 1 710 

840 to 2 470 

— — 

Sampling and analysis performed in accordance with ISO 14966. 

Detection of one fibre corresponds to a concentration of 100 fibres/m^. 

The volume of air analysed was 0,01 m-̂ . 

Figure 11 — Example of a test report 
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Annex A 
(normative) 

Preparation of filters for air sampling 

The membrane filters of a new batch shall be examined in the SEM to establish that any background level of 
inorganic fibres is sufficiently low that it does not significantly affect the reported results, and that the filters have a 
uniform pore distribution. 

Before sampling, it is necessary to coat the surface of the membrane filters with a gold layer. The gold coating 
protects the filter during plasma ashing and allows the filter to be examined in the SEM without the increase in the 
geometric dimensions of the inorganic fibres, which would result if an evaporated film were applied after sampling. 
The gold coating is applied using either a vacuum evaporator or a sputter-coating unit. 

The thickness of the gold coating applied to the side of the filter on which particles are to be collected during air 
sampling (the smooth and more strongly reflecting side) shall be approximately 30 nm. A uniform thickness of gold 
coating is required in order to minimize variations in contrast in the SEM image. Optional vacuum deposition of 
approximately 20 nm thickness of gold onto the other side of the filter protects the sampling filter during ashing and 
can help to improve the contrast of fibres in the SEM image. If a means of measuring the thickness of the gold 
coating is not available in the vacuum evaporator, the gold coating can be assumed to be satisfactory when the 
filter loses its initial dark colour during the course of the evaporation and takes on a typical metallic gold lustre. If, in 
addition, a coated filter appears to have a green colour when observed in transmitted light, it can be assumed that 
the thickness ofthe gold coating is within the required limits. 

The filter coating thickness can also be checked easily using the SEM. A number of membrane filters are initially 
weighed, after which they are coated with gold and weighed again. The mass of the gold coating can be calculated 
by subtraction, and the thickness can be determined from the area of the filters and the density of gold. Using a 
constant beam current in the SEM, the height or peak integral for one of the gold X-ray peaks produced by these 
reference filters can then be compared with the corresponding gold peak produced on a filter prepared for air 
sampling. The thickness of the gold coating on the sampling filter can be calculated, assuming a linear relationship 
between the gold coating thickness and the size of the gold peak. After subtracting the background signal, the 
integral under the gold peak, or the height of this peak, is a direct measure of the thickness of the gold coating. 



l o w l ' * V O O . £ . \ J \ J ^ \ C I 

Annex B 
(normative) 

Procedures for calibration and adjustment ofthe SEM 

B.1 Calibration of the scanning electron microscope 

The SEM specimen is examined at an accelerating voltage of approximately 20 kV and a magnification of between 
2 000 X and 2 500 x. For fibre identification in the SEM, an accelerating voltage of 20 kV is recommended. 

The magnification on the screen shall be calibrated using a certified commercially-available magnification standard. 
It is important to recognize that the magnification value displayed on some models of SEM is that applicable to 
micrographs produced by the recording system, and not to the viewing screen [cathode ray tube (CRT) display]. 
The SEM examination is performed directly on the viewing screen, and the magnification calibration must relate to 
the viewing screen. 

Adjust the SEM in such a way that chrysotile fibres with a width of 0,2 pm and lengths between 5 pm and 10 pm 
are visible at a the counting magnification of approximately 2 000 x. This adjustment is performed by selecting a 
fibre, either on the prepared sample or on a test sample, which is just visible at the magnification used for counting. 
The width of this fibre is then determined at a magnification of approximately 20 000 x. This adjustment shall be 
carried out on at least two separate fibres before starting the analysis, and shall be repeated several times during 
the course of a series of analyses. 

NOTE 1 On a 30 cm CRT display, 100 image fields at a magnification of approximately 2 000 x correspond to an area of 
approximately 1 mm^ on the specimen. 

NOTE 2 The width of the scan line (or pixel width for an SEM with digital imaging) on the sample and the diameter of the 
electron beam are the factors which determine the resolution in the SEM. Provided that the scan line width or the pixel width 
does not exceed 0,2 pm, no severe image degradation relevant to resolution of a 0,2 pm wide fibre longer than 5 pm is 
observed. With currently-available CRT display sizes and nominal line numbers of about 500 to 700 at magnifications of 2 000 x 
or 2 500 X, the above conditions are usually met. 

B.2 A d j u s t m e n t o f t h e EDXA s y s t e m 

The largest possible solid angle of the EDXA detector system should be used. The operating parameters of the 
SEM and the X-ray detector system shall be selected so that a statistically-acceptable X-ray spectrum can be 
acquired from a 0,2 pm width chrysotile fibre on the test sample within a maximum period of 100 s. 

The criterion for statistical acceptability requires, for peak height, P, and background level, B: 

P>3yfB (B.1) 

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the magnesium 
and silicon peaks [11]; and 

-^-±^>2 (8.2) 
B 

for each of the magnesium and silicon peaks. 
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B.3 Adjustment o f t h e plasma asher 

The operating conditions of the plasma asher shall be adjusted so that the time for removal of organic materials 
from sample filters can be predicted. Place a burning candle which produces smoke at a distance of approximately 
30 cm from a sampling head equipped with a gold-coated filter in accordance with annex A. Using the nominal 
volume flowrate, collect smoke on the filter for approximately 30 s. Remove the filter from the sampling head 
(it should be greyish or black at the surface) and place it in the plasma asher. Cover approximately half of the filter 
surface with a glass microscope slide. 

If the ashing conditions are correctly adjusted, the smoke particles from the unprotected half of the filter will be 
removed in approximately 20 min. The colour of this filter area should then appear the same as that of the unused 
filter. The filter material itself should appear unchanged. 

B.4 Detection of leaks in the sampling head 

The method for collecting smoke as described in B.3 can also be used to determine whether there are leaks 
around the filter when it is installed in the sampling head. After exposure of the sampling head to the smoke, a leak 
will result in colouration around the edge of the backing filter or around the edge of the gold-coated filter. If this 
occurs, improve the fitting of the filter in the sampling head, so that an airtight seal is obtained. 

0 

D 
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Annex C 
(informative) 

Characteristics and chemical composition of inorganic fibres 

C,1 General 

J For the purposes of this International Standard, particles with a minimum ratio of length to width of 3:1 are defined 
as fibres. 

All fibrous particles can be classified according to their chemical composition (inorganic/organic), according to their 
'—' physical structure (amorphous/crystalline) and according to their origin (natural/synthetic) [18]. The term "synthetic 

inorganic fibres" is often used as a synonym for "artificial mineral fibres", or "man-made mineral fibres". 

_) The development of fibrous morphology in a material can be attributed to a number of causes. 

[-] a) The lattice structure of a crystalline material may contain privileged directions such as lattice planes, lattice 
constants, or zones, which demand a fibrous habit. The chain or band silicates, such as pyroxenes, 

•—' amphiboles and wollastonite, or the sheet silicates such as chrysotile, which have Si40^o sheets with a polar 
structure whose free valences point in the same direction, are examples of these types of structure [18 to 20]. 

J b) The physical and chemical conditions during formation, such as pressure, temperature and the chemical 
species in solution, can lead to growth in a fibrous habit: 

I 1) monocrystalline "whiskers", such as tin, alumina, silicon carbide and potassium titanate, can be formed by 

crystallization from solution; 

~j 2) quartz and aragonite can be formed by crystallization from a gel phase; 

3) alkaline sulfates can be produced during the formation of druses and pores in bricks, and; 
4) chrysotile asbestos, amosite, crocidolite and fibrous gypsum can be formed during metamorphosis of rock 

^ [19,20]. 

c) Amorphous fibres can be manufactured from numerous inorganic mixtures. In these processes, the material is 
_ solidified from a melt or a solution process, using procedures such as spinning or stretching to form fibres such 

as glass fibres. After formation, the properties or crystallinity are sometimes modified by thermal treatment. 

C.2 Asbestos f ibres 

Asbestos is a term used to designate a group of naturally occurring inorganic crystalline silicates when they occur 
—̂  in a fibrous habit. They occur as individual fibres, or bundles of fibres, in rocks. During transformation of the rock, 

growth of fibres is favoured by conditions in fissures and gaps in the rock [19, 20]. 

_ The asbestos types can be classified mineralogically into serpentine asbestos (chrysotile asbestos) and amphibole 
asbestos [19 to 23]. Serpentine asbestos forms during hydrothermal transformation of ultra-basic rocks containing 

- magnesium and aluminium, such as dunites, gabbros and basalts, at temperatures lower than 360°C. The starting 
minerals are olivine and lower-ranking pyroxenes and amphiboles. If whole rock complexes are involved in this 
transformation process (serpentinization), the final product is referred to as serpentine. During further hydrothermal 
mobilization, chrysotile fibre bundles may precipitate in fissures and gaps of the serpentine, with an intermediate 
gel phase. 



I O < ^ l ' *V \ }0 .£ . \ J \ J£ . \C ) 

Although chrysotile is a sheet silicate mineral, stresses in the lattice structure cause curvature in the sheet, which 
results in the formation of spiral scrolls and a fibrous habit. The diameter of these scrolls (fibrils) is variable and in 
the range of 0,02 pm to 0,05 pm. It is therefore possible to separate macroscopic chrysotile fibre bundles into 
fundamental fibrils ofthese diameters. 

Asbestos varieties ofthe amphibole minerals also result from rock metamorphoses [19 to 23]. The amphiboles are 
chain silicates which exhibit a preferred crystallographic direction, which is apparent from the crystal morphology. 
Amphibole minerals appear to be columnar, acicular or fibrous, and they exhibit prominent cleavage parallel to the 
longitudinal axis of the fibre. 

The ranges of composition for the various asbestos types are shown in Table C. 1. The compositions include oxides 
of elements which do not necessarily appear in the nominal formulae. Elements other than those of the nominal 
formulae can occupy certain lattice points in the structure. Aluminium, for example, can substitute silicon in some 
lattice positions, and iron, manganese, titanium, nickel, chromium, lithium or zinc can substitute calcium or 
magnesium. Substitution of iron and magnesium by other elements is common. 

Table C.I — Chemical composition of various asbestos types (% mass fraction) 

Si02 

MgO 

FeO 

Fep, 

AI2O3 

CaO 

K2O 

Na20 

H2O 

Chrysotile 

36 to 44 

38 to 42 

Oto 3 

Oto 5 

Oto 2 

Oto 2 

O to l 

O t o l 

12 to 14 

Amosite 

49 to 53 

1 to 7 

34 to 44 

Oto 5 

O to l 

Oto 2 

O to l 

O t o l 

2 to 5 

Crocidolite 

49 to 56 

Oto 3 

13 to 21 

13 to 20 

O t o l 

Oto 3 

O t o l 

4 to 9 

2 to 5 

Anthophyllite 

53 to 60 

17 to 34 

Oto 20 

Oto 5 

Oto 3 

Oto 3 

Oto 1 

O t o l 

1 to 6 

Tremolite 

55 to 60 

20 to 26 

Oto 5 

Oto 5 

Oto 3 

10 to 15 

O to l 

Oto 2 

1 to 3 

Actinolite 

51 to 56 

12 to 20 

5 to 15 

Oto 5 

Oto 3 

10 to 13 

O to l 

Oto 2 

I t o 3 

C.3 O the r f i b r o u s m ine ra l s 

C.3.1 General 

A large number of natural minerals exist which, due to their lattice structure or the particular conditions of formation, 
crystallize in a fibrous habit. A number of these minerals which also occur in technical processes and as 
constituents in their products are listed here. For the many other such minerals, reference should be made to the 
relevant mineralogical and petrographical literature [19, 20, 22]. 

C.3.2 Sil icates 

Mullite AlgSi20^3 and willemite Zn2Si04 occur widely as fibrous, acicular or columnar individual crystals or as 
felt-like, partly spherulitic crystallite bundles in mineral phases in stoneware clays, porcelain, chamotte, and in silica 
and high alumina refractory bricks after use in zinc smelting plants and open-hearth furnaces. 

Sillimanite Al2Si05 and dumortierite Al703(B03)(Si04)3, as fibrous varieties, are found only in the raw materials 
used forthe production of high alumina refractory bricks [19, 24]. 
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|—I Pseudo-wollastonite CaSi03 is found as a columnar fibrous form in ceramic clays, iron blast furnace slags, welding 
electrodes and as devitrifying elements in soda-lime glass [19, 24]. 

Numerous members of the zeolite group, particularly wide-meshed tectosilicates with ring systems of Si04, or AIO4 
~| tetrahedra linked by channel-like elements, are fibrous. The channels in the zeolite crystal structures give rise to 
J reversible ion exchange, molecular sieve and hydration properties. They are used as catalysts in cracking of 

petroleum, and in isomerization. 

Important fibrous zeolites include the mixed crystals natrolite and scolecite Na2Al2Si30io2H20 to 
CaAl2Si30io3H20. The cubic zeolites faujasite (Na2,Ca)Al2Si40i2-6H20, erionite (Ca,Na2,K2)i,5_ 
(AlgSi27072)-27H20 and mordenite (Ca,K2,Na2)Al2Siio024-7H20 frequently exhibit a fibrous habit. Industrially 

~] synthesized zeolites are usually used, since it is then possible to control the material properties more precisely [19]. 

C.3.3 Sulfates 

J Fibrous sulfates are common. Anhydrite CaS04 is found in mortar, in concrete after exposure to sulfuric acid and 
sulfate solutions, and in fly ash. Gypsum CaS04-2H20 is found in plaster of Paris and sculptor's plaster after it is 

p-| mixed with water, and it is also found in other building materials. Ettringite CagAl2(S04)3(OH).,2 24H2O occurs as a 
binding agent in high-alumina cements. Hydrated tricalcium aluminate in these cements reacts with sulfate 

—' solutions to form bundles of acicular ettringite fibres, as new formations in hydrated brown coal flyash and as satin 
white filler pigments in paper. 

_j Epsomite MgS04-7H20 and mirabilite Na2SO4-10H2O occur as "blooms" in soil, and the latter also in masonry. 

n C.3.4 Industr ial crystal l ine f ibres 

The demand for fibre-reinforced high-performance composite materials is growing continuously. Since the 
~i properties of natural fibres do not satisfy industrial requirements, a large number of synthetic inorganic fibres have 

been developed. 

These fibres are either polycrystalline, each consisting of a large number of smaller fibrous crystals oriented in the 
same direction, or each is single crystal whisker which has grown into a fibre as a result of a privileged direction, 

J generally a helical dislocation. 

~i The polycrystalline fibres generally exhibit a columnar form with a finely structured surface similar to that of the 
source material used for manufacture. Monocrystalline fibres (whiskers) have a primarily plane form with a 
polygonal cross-section. Examples of synthetic inorganic crystalline fibres are shown in Table C.2 [25 to 27]. 

C.3.5 Amorphous f ibres 

Amorphous inorganic fibres, also referred to as "man-made vitreous fibres", are produced by a melting process. 
n The primary constituents of the melt are silicates, as shown by the compositional ranges in Table C.3. Table C.4 
_J shows typical fibre diameters and a classification according to the type of raw materials used [25, 27]. 

—1 The strands of melted material, which are cooled at various rates, solidify to form glassy fibres. The fibres generally 
exhibit a circular cross-section and a structureless, smooth surface. 

The mechanical drawing process used for production of textile glass fibres generally yields fibres which have a 
~\ constant diameter over their full length. Non-textile glass fibres, manufactured by processes such as centrifugal 
J blowing, can have irregular fibre thicknesses with droplet-like thickenings, but these materials may also contain 

very fine fibres with diameters lower than 1 pm. Non-textile glass fibres include glass wool, cinder wool, rock wool 
—j and ceramic wools [25]. 
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Table C.2 — Synthetic inorganic crystalline fibres 

Carbon/graphite 

Boron 

Boron carbide (B^C) 

Boron nitride (BN) 

Alumina (a-Al203) 

Silicon carbide (SiC) 

Zirconia (ZrOj) 

Tungsten 

Steel (austenitic) 

a-Alumina (a-Al203) 

a-Alumina (a-Al203) 

a-SiC 

p-SiC 

Potassium hexatitanate 
KzTisOia 

Fibre diameter 
pm 

5 to 10 

100 

1 to 25 

4 to 8 

3 to 9 

2 to 8 

3 to 6 

12 

12 

0,5 to 10 

50 to 100 

0,5 to 10 

0,5 to 10 

0,2 to 1 

Morphology 

columnar 

columnar 

planar 

columnar 

planar 

columnar 

Method of manufacture 

microfibrillation of oriented polyacrylonitrile or 
cellulose fibres by carbonization or graphitization 

precipitation of boron as a "corn cob" structure 
on 12 pm diameter tungsten core 

reaction of primary carbon fibre with boron 
trichloride and hydrogen 

reaction of primary B2O3 fibre with ammonia 

formation of a-AljOg from a polymer gel phase 

in nitrogen at 100°G 

Si02-impregnated cellulose fibres are pyrolysed 
and converted to SiC in a protective gas 
atmosphere 

cellulose fibres impregnated with a zirconium 
salt are pyrolysed and the carbon is removed 

primarily sintering processes 

bundle drawing process with ductile matrix 
(copper) or melt-drawing process in a glass 
matrix 

precipitation from a gas phase 

melt-drawing process 

precipitation from the vapour phase onto finely 
dispersed lanthanum 

decomposition of methyltrichlorsilane in 
hydrogen and precipitation onto carbon 

melt crystallization 
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Table C.3 — Compositions of synthetic inorganic amorphous fibres 

Componen t 

Si02 

AI2O3 

B2O3 

Fe203 

FeO 

CaO 

MgO 

BaO 

ZrOj 

Ti02 

MnO 

P2O5 

CaS 

Li20 

K2O 

NajO 

S 

F 

Text i le glass 

54 to 74 

Oto 25 

Oto 22 

Oto 5 

Oto 17 

Oto 6 

O t o l 

Oto 16 

Oto 2 

O t o l 

Oto 8 

Oto 13 

Insulating g lass 

48 to 63 

3 to 9 

Oto 6 

3 to 14 

Oto 4 

7 to 28 

32 to 38 

Oto 25 

Oto 2 

Oto 5 

Oto 6 

8 to 36 

4 to 14 

Rock f ibres 

45 to 53 

6 to 13 

5 to 8 

1 to 7 

11 to 30 

3 to 10 

5 to 2 

6 to 5 

0 t o 1 

= 1,3 

= 2,4 

Slag f ibres 

= 41 

= 12 

= 1 

37 to 40 

= 4 

= 0,4 

= 0,5 

= 0,3 

O t o l 

= 0,4 

2 to 14 

= 0,4 

= 0,4 

Ceramic f ibres 

45 to 52 

42 to 51 

Oto 1 

1 to 16 

Oto 3 

Oto 5 

Oto 3 

Oto 6 

Oto 3 

Oto 7 

Table C.4 — Raw materials used in the manufacture of synthetic inorganic, amorphous fibres 

Fibre 

Glass f ibres 

Stone f ibres 

Slag f ib res 

Ceramic f ib res 

Quartz f ib res 

Sil ica g lass f ib res 

Diameter 
t jm 

0,15 to 35 

0,3 to 14 

0,4 to 5 

0,2 to 10 

1 to 10 

< 5 to 10 

Source 

Natural minerals or rocks 

Natural minerals or rocks 

Metallurgical or non-metallurgical slags 

Melts primarily of alumina and silica 

Pure quartz melts 

Leaching and thermal treatment of aluminium 
borosilicate glass 
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Annex D 
(informative) 

Poisson variability as a function of fibre density on sampling filter 
and area of filter analysed 

Figure D.l shows the relationship between the fibre density on the filter, the area of filter examined by the analyst, 
and the resulting unavoidable statistical fluctuations in the number of fibres counted. Recognition of these 
limitations are important in design of the sampling. The standard deviations shown in the graphs are calculated on 
the assumption that the distribution of fibres on the filter is Poissonian, for which the standard deviation of a fibre 
count is the square root of the fibre count. The variability is shown as twice the relative standard deviation, o-g. The 
95 % confidence intervals for the Poisson distribution are asymmetric about the mean, particularly for low numbers 
of fibres. The 95 % confidence intervals are shown in Table 2. 

The curves illustrate the requirement to consider variability of fibre counting in design of strategies for sample 
collection. For exampie, assuming that the fibres are distributed on the filter according to a Poisson distribution, for 
a fibre density of 20 fibres per square millimetre of filter area the variability of the fibre count, expressed as 20-3 
after the examination of a filter area of 0,7 mm^, is shown to be approximately 50 %. For lower fibre densities, 
analysis of larger areas of filter is necessary in order to achieve a comparable variability of approximately 50 %. 
Correspondingly, if higher fibre densities can be obtained on the filters, either because a higher airborne fibre 
concentration exists or because the suspended particulate is sufficiently low that the sampling time can be 
extended, the area of filter examined can be reduced, while still maintaining an acceptable variability for the 
measurement. In some cases, a combination of the two approaches can be an expedient means of improving the 
precision ofthe measurements. 

100 

E 
E 

O) 
CO 

_>> 
CD 

CD 

CD 

2,5 fibres/mm^ 
5 fibres/mm^ 

10 fibres/mm^ 
20 fibres/mm^ 
40 fibres/mm^ 

0,01 
200 

Relative standard deviation 2o's 

Figure D.l — Poisson variability of fibre counts as a function of fibre density on the sampling filter 
and area of filter analysed 
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Annex E 
(informative) 

Combination ofthe results from multiple samples 

For some applications, for example to reduce the error in the measured result, it may be desirable to calculate a 
mean value from several samples. A mean air concentration for the same location, but over a longer period of time, 
can also be derived by combining the results from a number of air samples collected sequentially over the required 
time period. 

The measured fibre concentration is determined by two parameters: the number of fibres counted during the SEM 
examination and the volume of air examined by the analyst. The detection limit is determined solely by the volume 
of air examined by the analyst. 

A mean concentration, c" for fibres of type / is derived by summation of the fibres from all contributing samples 

and dividing by the summation of the individual volumes analysed in each sample. 

c- = ̂ ^ (E.I) 

The best estimate for the mean concentration is given by: 

(C7> = ^ (E.2, 

The detection limit, £, for the mean concentration is: 

r- 2,99 

Z^F 
(E.3) 

for the mean fibre concentration, the 95 % confidence interval due to Poisson variability is calculated on the basis 
of ;7,and Vp. 
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INTERNATIONAL 

Designation: D 5756 - 95 

Standard Test Method for 
Microvacuum Sampling and Indirect Analysis of Dust by 
Transmission Electron Microscopy for Asbestos Mass 
Concentration^ 

This standard is issued under the fixed designation D 5756; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test inethod covers a procedure to (a) identify 

asbestos in dust and (b) provide an extimate of the concentra­
tion of asbestos in the sampled dust, reported as either the mass 
of asbestos per unit area of sampled suurface or as the mass of 
asbestos per mass of sampled dust. 

1.1.1 If an estimate of asbestos structure counts is to be 
detem:ined, the user is referred to Test Method D 5755. 

1.2 This test method describes the equipment and proce­
dures necessary for sampling, by a microvacuum technique, 
non-airborne dust for levels of asbestos. The non-airbome 
sample is collected inside a standard filter membrane cassette 
from the sampling of a surface area for dust which may contain 
asbestos. 

1.2.1 This procedure uses a microvacuuming sampling tech­
nique. The collection eiBciency of this technique is unknown. 
Variability of collection efficiency for any particular substrate 
and across different types of substrates is also unknown. The 
effects of sampling efficiency differences and variability on the 
interpretation of dust sampling measurements have not been 
determined. 

1.3 Asbestos identified by transmission electron microscopy 
(TEM) is based on morphology, selected area electron diffrac­
tion (SAED), and energy dispersive X-ray analysis (EDXA). 
Some information about structure size is also detemiined. 

1.4 This test method is generally applicable for an estimate 
of the concentration of asbestos starting from approximately 
0.24 pg of asbestos per square centimeter (assuming a mini­
mum fiber dimension of 0.5 pm by 0.025 |im, see 17.8), but 
will vary with the analytical parameters noted in 17.8. 

1.4.1 The procedure outlined in this test method employs an 
indirect sample preparation technique. It is intended to disag­
gregate and disperse asbestos into fibrils and fiber bundles that 
can be more accurately identified, counted, and sized by 
transmission electron microscopy. However, as with all indi­
rect sample preparation techniques, the asbestos observed for 
quantitation may not represent the physical form of the 

asbestos as sampled. More specifically, the procedure de­
scribed nmeither creates not destroys asbestos, but it may alter 
the physical form of the mineral fibers. 

1.5 The values stated in SI units are to be regarded as the 
standard. The values given in parentheses are for information 
only. 

1.6 This slandard does not purport to address all ofthe 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro­
priate safety and health practices and determine the applica­
bility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 1193 Specification for Reagent Water^ 
D 1739 Test Methods for Collection and Measurement of 

Dustfall (Settleable Particulate Matter)^ 
D 3195 Practice for Rotameter Calibration-' 
D 5755 Test Method for Microvacuum Sampling and Indi­

rect Analysis of Dust by Transmission Electron Micros­
copy for Asbestos Structure Number Concentrations-' 

E 832 Specification for Laboratory Filter Papers" 
2.2 ISO Standards: 
ISO/10312 Ambient Air: Determination of Asbestos Fibers; 

Direct Transfer Transmission Electron Microscopy Proce­
dure^ 

ISO/CD 13794 Ambient Air: Determination of Asbestos Fi­
bres; Indirect-Transfer Transmission Electron Microscopy 
Procedure^ 

3. Terminology 

3.1 Definitions: 
3.1.1 asbestiform—a special type of fibrous habit in which 

the fibers are separable into thinner fibers and ultimately into 
fibrils. This habit accounts for greater flexibility and higher 
tensile strength than other habits ofthe same mineral. For more 

' This test method is under the jurisdiclioji of A.STM Committee D-22 on 
Sampling and Analysis of Atmospheresand is the direct responsibility of Subcom­
mittee D22.07on Sampling and Analysis of Asbesios. 

Current edition approved Aug. 15, 1995. Published October 1995. 

^ Aiiiiiial Book of ASTM Slandaids, Vol 11.01. 
' Aiimuil Book of ASTM Slciiidai-ds. Vol 11.03. 
' Aiiiimil Book of ASTM Standards, Vol 14.02. 
'Available from American National Standards institute, 11 W. 42nd St., 13th 

Floor. New York, NY 10036. 

Copyright ©ASTM International. 100 Barr Harbor Drive. PO Box C7C0. West Conshohocken, PA 19428-2959, United Slates. 



inibi-mation on aasbcstiform mineralogy, sec references (1), (2) 
and (3).'' 

3.1.2 ashe'ilos- a collective term thai (.iescribe.s a group of 
—I riaiurally Ofcurring, inorganic, highly librous silicalc minerals, 

which ai-c easily separated into long. ihin. (legible fibeis when 
crushed or processed, 

.̂ .1.2.1 Discussion—Included in thc definition are thc as­
bestiform varieties of: serpentine (chyrsntile); riebeckite (cio-
cidolitc): grunerite (amosite); antho]-ihyllitc (anthophyllite as­
bestos); tremolite {tremolite asbestos); and actinolite (actinolite 
asbestos). The amphibole mineral compositions are defined 
according to thc nomcmclalure of thc International Mineral­
ogical Association (3). 

Asbestos 

Chrysotile 
Crocidolite 
Grunerite Asbestos (Amosite) 
Anthophyllite Asbestos 
Tremolite Asbestos 
Actinolite Asbestos 

Chemical Abstract Service 
No. ' 

12001-29-5 
12001-28-4 
12172-73-5 
77536-67-5 
77536-68-6 
77536-66-4 

^.\.^ fibril—a single fiber that cannot be separated into 
smaller components without losing its fibrous properties or 
appearance. 

.3.2 Definitions of Terms .Specific to This Stemdard: 

.3.2.1 aspect ratio-- thc ratio of the length of a fibrous 
particle lo its average width. 

_ | 3.2.2 bundle—a stnicture composed of three or more fibers 
in a parallel airangeinent with the fibers closer than one fiber 
diameter to each other. 

3.2.3 cluster—an aggregate of two or more randomly ori­
ented fibers, wilh or without bundles. Clusters occur as two 
varieties—disperse clusters and compact clusters. 

3.2.3.1 compact cluster—a complex and tightly bound net­
work in vvhich one or both ends of each individual fiber or 
bundle ai-e obscured, such that the dimensions of individual 
fibers or bundles cannot be unambiguously measured. 

3.2.3.2 disperse cluster—a disperse and open network in 
which both ends of one ofthe individual fibers or bundles can 
be separately located and its dimensions measuied. 

3.2.4 Je/f̂ rw -materials that are of an amount and size 
(pailiclcs greater than 1 mm in diameter as defined by a 1.0 by 
1.0 mrn screen) that can be visually identified (by color, 

•

texture, etc.) as to their source. 
3.2.5 dust—any material composed of particles in a size 

range of £̂ 1 nim and large enough to settle by virtue of their 
weight from thc ambient air. See Test Method D 1739. 

3.2.6 fiber—--a slruciuie having a minimum length ol'0.5|.i m 
vvith an aspect ratio of 5 to 1 or greater and subsiaiitially 
parallel sides (4). Fibers are assumed lo have a cylindrical 

_, shape (5). 
3.2.7 fibrous mineral-—a mineral that is composed ol'paral­

lel, radiating, or interlaced aggregates nTHbeis. fiom winch the 
libers are sometimes sopaiable. 

3.2.7.1 Discussion~--Jhc crvslullinc a<;'j.rci;ate mav be re-

" Tlic boKif:rj.-c ntinibor.^ refer lu the lisl o f leferenccs : i ! ihc cml of lhe lest 

incll iod. 

• 'fhe non-;isbcstif()rm v;in;a!i(ms o f ! !K' n.^i|1c^al^ in(iii::i!(.\l in 3 I 2 hLrvc dilVciciU 

(.:hcniical .Ahslraci Service (C.'NSt numbers. 
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fened to as fibrous even if it is not composed of separable 
fibers, but has that distinci appearance. The term fibrous is used 
in a general mineralogical way lo describe aggregates of grains 
that crv'stallize in a ncedlc-likc habit and appear to be com­
posed of fibers. Fibrous has a much moi-e general meaning than 
asbestos. While it is correct that all asbestos minerals arc 
fibrous, not all minerals having fibrous habits ai-e asbestos. 

3.2.S indirect preparation—a method in which a sample 
passes through one or more intermediate steps prior to final 
filtration. 

3.2.9 matrix—a structure in which one or moi-e fibers, or 
liber bundles, touch, are attached to, or partially concealed by 
a single particle or connected group of non-fibrous particles. 
The exposed fiber musl meet the fiber definition (see section 
3.2.6). Matrices occur as two varieties—disperse matrices and 
compact matrices. 

3.2.9.1 compact matri.x—a structure consisting of a particle 
or linked group of particles, in which fibers or bundles can be 
seen eiiher within the stmcture or projecting from it, such that 
the dimensions of individual fibers and bundles cannot be 
unambiguously deteiTiiined. 

3.2.9.2 disperse matrix—a structure consisting of a particle 
or linked group of particles, with overlapping or attached fibers 
or bundles in which at least one of the individual fibers or 
bundles can be separately identified and its dimensions mea­
sured. 

3.2.10 structures-—z tenn that is used to categorize all the 
types of asbestos particles which arc recorded during the 
analysis (such as fibers, bundles, clusters, and matrices). 

4. Summary of Test Method 

4.1 The sample is collected by vacuuming a known suifaee 
area with a slandard 25 or 37 mm air sampling cassette using 
a plastic tube that is attached to the inlet orifice whieh acts as 
a nozzle. The sample is transferred from inside the cassette to 
a 50/50 aleohol./water solution and screened through a 1.0 by 
1.0 mm scicen. The fine dust is filtered onto a nieinbrane filter 
and ashed in a muffle furnace. The ash is mixed with distilled 
water to a known volume. Aliquots ofthe suspension are then 
filtered through a membrane. A section of the membrane is 
prepared and iransl'erred to a TEM grid using the direct transfer 
method. The asbestiform structtires are identified, sized, and 
counted by TEM, using SAED and Ê DX.A. at a magnification 
dependent on the size range of asbestos structuies present. 

5. Significance and Use 

5.1 This microvacuum sampling and indirect analysis 
method is used for fhe general testing of non-airborne dust 
samples for asbestos. It is used lo assist in the evaluatioti of 
dusl thai may be found on surfaces in buildings, such as ceiling 
tiles, shelving, electrical components, duct work, carpel, etc. 
This lest method provides an estimate ofthe mass concentia-
lion of asbesios in the dusl repoi-ted as eiiher the mass of 
asbesios per unil area oi as lhe mass of asbestos per mass of 
sampled dust as derived born a quantitative TEM analysis. 

5.1.1 'fhis test method does nol describe procedures or 
techniques required to evaluate the safely or habilahility ol 
buildings with asbestos-containing materials, or compliance 
with federal, slate, or local reeulations or statutes. It is the 



user's icsjionsibilily to make these deteiniinalions. 
_J 5.1.2 .At preseni, a single direct relaiionship between 

asbestos-containing dust and potential human exposure does 
•~| not exist. .Accordingly, the user should consider these data in 

relationship to other available information in their evaluation. 
5.2 This test method uses the definition settleable paiticu-

larc niaiier found in Test Melhod 0 1739 as lhe definition of 
dust. This dclinition accepts all particles small enough to pass 

_J through a I mm screen. Thus, a single, large asbestos-
containing particle(s) (from the large end of the particle size 

~] distribution) disassembled during sample prepai-ation may 
result in anomalously large asbestos concentration results in 
the TEM analyses of thai sarnple. Conversely, failure to 
disaggt-egate large particles may lesuli, in anomalously low 
asbestos mass concentrations. It is, thcrefoie, recommended 

_J lhat multiple independent samples be secured from the same 
area, and lhat a minimum of three samples he analyzed by the 

—I enliic procedure. 

^ 6. Interferences 

6.1 The following minerals have properties (that is, chemi­
cal or eiystalline structure) which are very similar to asbestos 

J minerals and ma)' interfere with the analysis by causing false 
positives to be recorded during the test. Theiefore, literature 

•~) refeiences for these materials must be maintained in the 
laboratory for comparison to asbestos minerals so that they are 
not misidentified as asbestos minerals. 

6.1.1 Antigorite. 
6.1.2 Palygorskite (.ittapulgite). 

J 6.1.3 Halloysite. 
6.1.4 Pyroxenes. 

n 6.1.5 Sepiolite. 
6.1.6 Vermiculite scrolls. 
6.1.7 Fibrous talc. 
6.1.8 Hornblende and other amphiboles not listed in 5.1.3. 
6.2 Collection of any dusl particles greater ihan 1 mm in 

—I size in this test melhod may cause an interference and, 
therefore, should be avoided. 

—' 
7. Appara tus 

7.1 Transmission Electron Microscope (TEM), an 80 to 120 
—I kV '{'VM. capable of performing electron dilTiaclion, with a 

Huoiescenl screen inscribed with calibrated gradations, is 
—' required. The TEM must be equipped wilh energy dispei-sive 

,\-ray speciruscopy (EDX.A) and il must have a scanning 
~! transmission electron microscopy (STEM) allachmeni or be 
_J capable of producing a spot size of less than 250 nm in 

diaineier at crossover 
—-, 7.2 Energy Di:spersive .K-ray Svslcni (EDX.4). 

7.3 High Vacuum Carbon Evu/)oralor, wilh rotating stage. 
—' 7..-1 Jfig/i Efficiencv Particulate ..-tu (HEPA).. filtered nega-

li\c flow hood. 
7.5 Exhaust or Fume Hood. 

__ 7 6 Parlicie-Fiee Water (.ASTM Type II, see Specification 
D 1193). 

—] 7.7 Glass Beakers. 50 ml.. 
7.S Ci'lass .Sample Containers, wilh wide mouth sciew caj) 

—̂  (200 niLl, or equivalent scalable conlainer (height ofthe glass 
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sample conlainer should be approximately 13 cm high by 6 cm 
wide). 

7.9 Waterproof Markers. 
7.10 Forceps (tweezers). 
7.1) Ultrasonic Bath, table lop model (100 W, approximate, 

see 22.5). 
7.12 Graduated Pipettes, I, 5, and 10 ml. sizes, glass or 

plastic. 
7.13 Filter Funnel, 25 mm or 47 mm (eiiher glass or 

disposable). Filler funnel assemblies, either glass or disposable 
plastic, and using either a 25 mm or 47 mm diameter filler. 

7.14 Side .4rm Filler Fla.sk, 1000 mL. 
7.15 .Mixed Cellulose Ester (MCE) Membrane Filters, 25 or 

47 mm diameter, <0.22 pm and 5 ).im pore size. 
7.16 Polycarbonate (PC) Filters, 25 or 47 mm dianietei,< 

0.2 \xn\ pore size. 
7.17 Storage Containers, for the 25 or 47 nun filters (for 

aichiving), 
7.18 Gla.ss Slides. 
7.19 Scalpel Blades. 
7.20 Cabinet-type Desiccator, or low tem)-)eiature drying 

oven. 

8. Reagents and Materials 

8.1 Purity of Reagents—Reagent grade chemicals shail be 
used in all tests. Unless odierwise indicated, it is intended that 
all reagents confomi to the specificafions ofthe Committee on 
Analylieal Reagents of the American Chemical Society where 
such specifications are available.-"* Other grades may be used, 
provided it is first ascertained that thc reagent is of sufficiently 
high purity to pennit its use without lessening the accuracy of 
the determination. 

8.2 Acetone. 
8.3 Dimethylfonnamide (DME). 
8.4 Chlorofonn. 
8.5 l-niethyl-2-pyrrolidone. 
8.6 Glacial Acetic Acid. 
8.7 Low Temperature Plasma .4slier. 
8.8 pH Paper. 
8.9 Air Sampling Pump (low volume personal-type pump). 
8.10 Rotameter. 
8.11 Air Sampling Cassettes (25 mm or 37 mm), containing 

O.S pm or smaller pore size MCE or PC filters. 
8.12 Cork Borer, 1 mm. 
8.13 ,Nr.m-.4shestos Mineral References, as ijullined in 6.1. 
8.14 Asbestos Standards, as outlined in 3.1.2. 
8.15 Tygon''' Tubing, or equivalent. 
8.16 Vcjcuum Pump (small), fiiat can maiiUain a vacuum of 

approximately 92 kPa. 
8.17 Petri Dishes, large, glass (approximately 90 mm in 

diameter). 

Rcaiy.'.il Clicniii ..lis. .'tiih-.iiraii Chv.Dii.-.iii Sn^.ii'l] Spi'Lifii lUiuii.i, .'VnicriCfju 
(M^'iiiicjl .Si^cicty. Wa.shintiliin, IX:. for si.m!:.e.~.no;!-; .on tliL- tcsliri;.; of rcciiiciits iini 
listoci by [he .Ainericiin (.:!iciii!cal Socic'v. sco AIKIUH- Siuniiwd.^ fnr Lahnycl^n-y 
(.'iicniiiiiix, Bf)ll Ltd., Poolc. Dorsci. U K . jnd lhe IJiiiui.i SIIJII'.-< ."liiirnuiccncin 
tiftii i\'ciiif!nif! Fonii!.ii,:in-, L.S. PharnidCcnlicai C'.onvcnlion. lisc (USPt7l, Roekville. 
Ml). 

'' lygoii is ;i iciiisicrcd iradcinarl': of liio DiiPoni Co. 

http://Fla.sk
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8.18 Slainles.s Steel or Aluminum Mesh Sci-een. iQ to 40 
mesh for .lafFe washer. 

8.19 Copper TEM Finder Grids, 200 mesh. 
8.20 Carbon Evaporator Rods. 
8.21 Lens Tissue. 
8.22 Asliless Filter Paper, 90 mm diameter, AST.M Ciass G 

(see Specification E 832). 
8.23 Reinforcement Rings, gummed paper. 
8.24 Wash Bottles, plastic. 
8.25 Reagent Alcohol, HPLC grade (Fisher A995 or equiva­

lent). 
8.26 Opening Mesh Screen, plastic, 1.0 by 1.0 mm (Speclra-

Vlesh No. 146410 or equivalent). 
8.27 Static Neutializer. 
8.28 Muffle Furnace. 480'^C. 
8.29 Glazed Crucibles. 
8.30 Jaffe Washer (4, 5). 
8.31 Diffraction Grating Replica, with approximately 2160 

lines/mm. 
8.32 The following items are neeessar>- if performing 

weight % calculations. 
8.32.1 .Analytical Balance, vvith readability of 0.01 mg or 

less. Exercise special care for the proper zeroing ofthe balance. 
8.32.2 Weighing Room, with temperature and humidity 

conlroi to allow weighing with an analytical balance to ±0.01 
mg. 

8.32.3 Class M Weights, for calibration of the analytical 
balance. 

9. Sampling Procedure For Microvacuum Teclinique 

9.1 For sampling asbestos-conlaining dust in eifher indoor 
or outdoor enviroimients, commercially available cassettes 
must be used. Cassettes and sampling nozzles must be new and 
nol pi-eviously used. Air monitoring cassettes containing 25 
nun or 37 mm diameter mixed cellulose ester (MCI-) or 
polycarbonate (PC) filter membranes vvith a pore size less dian 
or equal to 0.8 pm are requited. 'Fhe number of samples 
collected depends upon the specific circumstances ofthe study. 

9.2 Maintain a log ofall perfinent sampling infoiTiiation and 
sampling locations. 

9.3 Sampling pumps and How indicators shall be calibrated 
tising a certified standard apparatus or assembly (see Practice 
D3195). 

9.4 Record all calibration infomiation (6). 
9.5 Pet-form a leak check of lhe sampling system al each 

sampling site by activating the pump with the closed sampling 
cassette in line. Any air flow shows that a leak is present that 

_ musl be eliminated before initialing the sampling opei-alion. 
9.6 Attach the sampling cassette lo lhe sampling pump at 

—̂  the outlet side ofthe cassette wilh plastic tubing (see 8.15). The 
plastic tubing shal! be long enough thai sample areas can be 
reached without interrerence iVom the sarnpling pump. .Attach 
a clean, approximately 25.4 rnrn long, piece of plastic tubing 
(6.35 mm inlernal diarneler) direclly to the inlet orifice. Use 

_ this piece of tubing as the sampling nozzle. Cut the sampling 
end of the tubing at a 45" angle as illuslraled in Fig. I. "Fhe 
exact design of the nozzle is nol ciilical as long as some 
vacuum break is provided to avoid simply pushing lhe dusl 

- ' around on the surface with, the nozzle rather ihati vacuuming il 

Front View 
Side View 

FIG. 1 Sampling End of Tubing 

into Ihc cassette. The inteiTial diameter ofthe nozzle and fiow 
rate of (he pump may vary as long as the air velocity within the 
body ofthe nozzle is 100 (±10) cvals. This air velocits' can be 
achieved with an internal sampling ttibe diameter of 6.35 mm 
(','•1 in.) and a flow rate of 2 L/rain. 

9.7 Delineate and measuic the surface area of interest. A 
sample area of 100 em^ is vacuumed until there is no visible 
dust or particulate remaining. Perfomi a minimum of two 
orthogonal passes on the surface with a minimum of 2 min of 
sampling time. Avoid scraping or abrading the surface being 
sampled. (Do not sample any debris or dust particles greater 
than 1 mm in diameter (see 5.2)). Smaller or larger areas can be 
sampled, if needed. For example, some surfaces of inteiest may 
have a smaller area than 100 cm^. Less dusty surfaces may 
require vacuuming of larger areas. Unlike air samples, the 
overloading ofthe cassettes vvith dusl will not be a problem. As 
defined in 3.2.5, only dust shall be collected for this analysis. 

9.8 .At the end ofthe saraple collection, invert the cassette so 
that the nozzle inlet faces up before shutting off the power to 
the pump. The nozzle is then sealed with a cassette end plug 
and the cassette/nozzle taped or appropriately packaged lo 
prevent separation of the nozzle and cassette assembly. A 
second option is the removal of the nozzle from the cassette, 
then plugging ofthe cassette and shipment ofthe nozzle (also 
plugged at bofii ends) sealed in a separate closeable plastic bag. 
A third option is placing the nozzle inside the cassette for 
shipment. Thc nozzle is always saved to be rinsed because a 
significant percentage ofthe dust drawn from a lightly loaded 
surface may adhere lo the inside walls of the tubing. 

9.9 Check that all samples are clearly labeled, that all dusl 
sampling infomiation sheets are completed, and that all perti­
nent infbrmation has been enclosed, in accortiance wilh labi.>-
ralory (.|iialily control practices, before transfer ofthe sarnples 
lo the laboratory. Include an unused cassette and nozzle as a 
field blank. 

9.10 Wipe off the cxtenor surface of the cassettes wiih 
disposable wet towels or "baby wipes"' prior to packaging for 
shipment. 

10. Sample Shipment 

10.1 Ship dust samples lo an analytical laboralory in a 



sealed containei-, but separale from any bulk or air samples. 
The casseties must be lightly sealed and packed in a material 
fiee of fibers or dusl lo minimize the potential for conlamina­
lion. Plastic bubble pack is probably the most appropriate 
maleritil for this pur^iose. 

II. Sample Preparation 

11.1 Under a negalive flow HEPA hood, carefully wet-wipe 
the exterior cif the cassettes to remove any possible contami­
nation before taking cassettes into a clean preparation area. 

i 1.2 Perform sample pi-eparalion in a clean facility that has 
a separate work area from both the bulk and air sample 
preparation areas. 

11.3 Initial specimen preparation shall take place in a clean 
HEP.A filtered negative pressure hood to avoid any possible 
contamination ofthe laboratory or personnel, or both, by the 
potentially large nuniber of a.sbcstos structures in an asbestos-
containing dust sample. Cleanliness of the preparation area 
hoods is measured by the cumulative process blank concentra­
tions (see Section 12). 

11.4 If a weight % detei-mination is reported, pre-weigh the 
laboiatof}' filter in accoidanee wirh this section, otherwise, 
proceed with 11.5. 

11.4.1 Dry lhe laboratory filler under vacuum in a vacuum 
desiccator for at least 15 min. 

11.4.2 Release thc vacuum, remove the desiccator covet-, 
and equilibrate the laboratory filters in the weighing room fbr 
at least 1 h. 

11.4.3 Weigh the laboratory filler and record the filter tare 
weight, Wl (ing). 

11.4.3.1 Zero fhe balance befoie each weighing. 
11.4.3.2 Handle the filter wilh forceps. 
11.4.3.3 Pass the filter over an antistatic radiation source. 

Repeat this step if the filter does not i-elease easily tVoni the 
forceps or ifthe filter attiaets the balance pan. 

11.4.4 .Allow the laboratory filter to stand in the weighing 
room for an additional 8 to 16 h. 

11.4.5 Rewcigh the laboraton,' filter. If the second weight 
differs by more than 0.01 mg from the first tare weight (Wl), 
discard the filler. 

11.5 .All sample preparation steps 11.5.1-11.5.6 shall take 
place in the dust preparation area inside a HEPA hood. 

1 1.5.1 Remove the upper plug from the sample cassette and 
container and carefully introduce approximately 10 ml. of a 
50/50 mixture of parlicle-fi-ee water and reagent alcohol inlo 
thc cassette using a plastic wash bottle. Ifthe plugged nozzle 
was left attached to the cassette, then remove the plug and 
Hilroduce the walei-./aleohol inlo the cassette Ihrough lhe 
tubing, and then lemove the tubmg if it is visibly clean. 

11.5.2 Replace the upper plug or the sample cap, and lightly 
shake the dusl suspension by hand foi' 3 s. 

11.5.3 Remove the entire cap of lhe cassette and pour 
suspension through a 1.0 by 1.0 mm opening screen into a 
pre-clcaiied 200 niL glass specimen bottle. All visible traces of 
the sample contained in die cassette shall be rinsed onto the 
screen wiili a plastic wash bottle containing the 50.''50 mixture 
ot' water and alcohol. Repeat this procedure two additional 
times for a lotal of three washings. Next, rinse the nozzle two 
or three limes thi-ough the sereen inlo thc specimen bottle with 
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the 50'50 mixture of water and aleoh(.il. 'fypically, the tolal 
amount ofthe 50/50 mixture used in the rinse is 50 to 75 mL. 
Remove the 1.0 by 1.0 mm screen and discard. 

11.5.4 Use cither a disposable plastic filtration unit or a 
glass filtering unil for fillration ofthe suspension. If a weight % 
determination is to be reported, use pre-weighed laboratory 
fillers; sec 11.4. 

11.5.4.1 If a disposable plastic filtration unit is used, unwrap 
a new disposable plastic filter funnel unit (either 25 or 47 mm 
diameter) and remove the tape around the base of the funnel. 
Remove the funnel and discard the top filter supplied with thc 
apparatus, while retaining the coarse polypropylene suppori 
pad in place. .Assemble the unit with the adapter and a properly 
sized neoprene stopper, and attach the funnel to the 1000-mI. 
side-arm vacuum flask. Place a 5.0 )4m pore size MCE (backing 
filter) on the support pad. Wet it with a few iiiL of paiticlc-free 
water and place an MCE. or PC filter (SO.2 fim pore size) on 
top of the backing filter. Apply a vacuum, ensuring that the 
filters are centered and pulled flat without air bubbles. Any 
irregularities on the filter surface requites discard of that filter. 
.After the filter has been scaled properly, replace the funnel, and 
reseal it with the tape. Return the flask to atmospheric pressure. 

11.5.4.2 If a glass filtration unit is used, place a 5 pm pore 
size MCE (backing filter) on the glass frit surface. Wet the fillet 
with particle-free water, and place an MCE or PC filter (<0,2 
pm pore size) on top ofthe backing filtci-. .Apply a vacuum, 
ensuring that the filters are centered and pulled fiat without air 
bubbles. Replace the filters if any irregularities are seen on the 
filter surlace. Before fillration of the sample suspension, 
piepare a blank filter by filtration of 50 mL of particle-free 
water. After completion of thc filtration, do not allow the 
filtration funnel assembly to diy because contamination is then 
more difticult lo remove. Wash any residual su.spenslon from 
thc filtiation assembly by holding it under a flow of water, then 
rub the sutface with a clean paper towel soaked in a detergent 
solution. Repeat the cleaning operation, and then rinse several 
times in particle-free water. 

11.5.5 Pour the suspension into the filler funnel. Rinse the 
beaker into the funnel at least three times, using distilled water. 

11.5.6 Apply vacuum to the flask and draw the mixtuie 
through the filtei-. 

11.5.7 Disassemble the filtering unit and carefully remove 
the sample filter wilh line tweezers. Place the completed 
sample filter particle side up, into a precleaned, labeled 
disposable plastic petri dish or other similar container 

11.6 If a weight % determination is i-eported, weigh the filter 
and solids using the method described in Ihis seclit)n. 

11.6.1 Place lhe filter into a low ternpei-aiure drying oven 
(60 X"') ft)r I h. 

1! .6.2 Remove the filter and allow the filter to equilibrate in 
tlie weighing room tV)r at least 1 h. 

11.6.3 Weigh the filter and record the filter weight. W2 
(mg). 

1 i.6.3.1 Zero Ihe balance before each weighing. 
11.6.3.2 llandlc thc filter with forceps. 
11.6.3.3 Pass the filler over an anlislalic radiation source. 

Repeal Ihis step if lhe filler does nol release easily from ihe 
forceps or if lhe filler atlTacls the balance pan. 



11.6.3.4 Use lhe same balance fi)r weighing the fillers 
before and afier fillialion (.ifthe suspension. 

11.7 Place the filler or a measured portion ofthe filter into 
a glazed crucible and cover with an apriropriate lid. 

11.7.1 Prc-hcat lhe mufile ftiinace to 4S0'-'C. Regulate Ihis 
lemperature al ±5"C throughout the ashing ofthe sample. 

11.7.2 Place the crucible in thc muffle furnace. .Ash the 
sample for 12 h, oi unlil thc weight has stabilized. 

11.7.3 Remove the cmeibie from the muffle furnace and 
allow il to cool. 

11.8 Rinse the ash fiom the crucible into a 200 ml, glass 
specimen bottle. Rinse all visible traces of the sample con­
tained in the crucible into the specimen bottle using a plastic 
wash bottle containing particle-free water. This procedure is 
repealed iwo additional times for a total of thi-ee w'ashings. 

11.8.1 Bring the volurne ofthe suspension up to 100 niL 
using distilled water. 

11.8.2 Adjust thc pH ofthe suspension to 3 to 4 by using a 
10.0 % solution of acetic acid. Use pH paper for testing. Filter 
the suspension within 24 h to avoid problems associated with 
bacterial and fungal growth. 

11.9 Use either a disposable plastic filtration unit or a glass 
filtering unit for fillration of portions ofthe suspension, fhe 

_̂̂  abilily of an individual filtration unit to produce a uniformly 
loaded filler may be tested by filtration of a colored particulate 
suspension such as caibon black. 

11.9.1 If a disposable plastic filtration unit is used then 
~] unwrap a new disposable plastic filter funnel unit (either 25 or 

47 mm diameter) and remove the tape around the base of the 
funnel. Remove the funnel and discard the lop filter supplied 
with the appaiatus, while retaining the coarse polypropylene 
support pad in place. Assemble the unit with the adapter and a 
properly sized neoprene stopper, and attach the funnel to the 
1000 niL side arm vacuum flask. Place a 5.0 pm pore size MCE 
(backing filter) on the support pad. Wet il with a few niL of 
parti cle-free water and place an MCE or PC filter (<0.2 ).im 
pore size) on lop of lhe backing filter. Apply a vacuum, 
ensuring that the filters are centered and pulled flat wiihout air 
bubbles. Any iiTegiilarities on the filter surface dictates dis­
carding of that filter. .After the filter has been seated properly, 
replace thc funnel and lescal it with the tape. Return the flask 
to atmospheric pressure. 

11.9.2 If a glass filtration unit is used, place a 5 um pore size 
MCE, (backing filter) on the glass frit surface. Wet the filter 
with particle-free water, and place an ,VICE or PC filter {-siQ.l 
um pore size) on top of the backing filter. Apply a vacuum, 
ensuring that lhe filters are cenlered and pulled flal without air 
bubbles. Replace the fillets if any irregularities are seen on the 
filter surface. Before filtration of each sei of sample portions, 
piepare a blank filter by filtration of 50 ml., of particle-free 
water. If portions of the same sample are filtered in order of" 
increasing conccnirarion, the glass filtration unit need not be 

I washed between filtiaiions. After completion ofthe filtiation, 
_J do nol allow the filrration funnel assembly to di-y because 

contamination is then more difficult to remove. Wash any 
i-esidual stispension fiom Ihe filtration assembly hy holding it 
under a flow- of water, then rub the surface with a clean paper 
towel siKiked in a detergent solution. Repeal the cleaning 
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operation, and then rinse several limes in particle-free vvater 
11.9.i Wilh the flask al almosplieric pressure, add 20 ml. of 

partiele-fiee water into the funnel. Cover the filter fiinnel with 
its plastic cover if the disposable filtering unit is used. 

11.10 Briefly hand shake (3 s) the capped bottle with the 
sample suspension, ihen place il in a labletop ultrasonic bath 
and sonicate for 15 min. Maintain the water level in the 
sonicator at the same height as the solution in thc sample 
btjttle. Carry oul preparation steps 11.10-11.11.5 in a HEPA 
hood. 

11.10.1 Calibrate the ultrasonic bath in accordance wilh 
22.5. The ultrasonic bath must be operated at equilibrium 
temperalure. 

11.11 Estimate the amount of liquid to be withdrawn to 
produce an adequate filter preparation, Fixperience has shown 
that a light staining of thc filter surface will yield a suitable 
preparation for analysis. Filter at least LO mL, but no more 
than half the tolal volume. Draw this portion fi-om the 
suspension while it is in the sonicator. If after examination in 
the TEM, the smallest volume filtered (LO niL) yields an 
overloaded sample, perfomi addifional serial dilutions of the 
suspension. 

11.11.1 If serial dilufions are i-equired, repeat step 11.10 
before the serial dilution porfion is taken. The recommended 
procedure for a serial dilution is to mix 10 niL ofthe sample 
solution with 90 mL of particle-free water in a clean sample 
bottle to oblain a 1:10 serial dilution. Follow good laboratory 
practices when perfonning serial dilutions. 

11.11.2 Insert a new disposable pipette halfway into the 
sample suspension and withdraw a portion. Avoid pipetting any 
of the large floating or settled particles. Uncover the filter 
funnel and dispense the mixture from the pipette into the water 
in the funnel. 

11.11.3 Apply vacuum to the flask and draw the mixture 
through the filter 

11.11.4 Discard the pipette. 
11.11.5 Disassemble the filtering uiut and carefully remove 

the sample filter with fine tweezers. Place the completed 
sample fillet-, particle side up, into a precleaned, labeled, 
disposable, plastic petti dish or other similar container. 

11.11.6 In order to ensure that an optimally-loaded filter is 
obtained, il is recommended that filters be piepared from 
several ditferent portions ofthe dust suspension. For fhis series 
of filters, il is recommended that the volume of eaclt portion of 
the original suspension be a factor of five higliei than the 
previous one. If Hie filters at-e prepared in oi-der of increasing 
portion volume, all ofthe filters fbr one sample can be prepared 
using one plastic disposable fillration unit, or without cleaning 
of glass filtration equipment between individual filiiaiions. 

11.11.7 There arc many practical methods Ibr drying MĈ E 
filters: the following ai-c two examples that can be used: (/) dry 
MCE fillers lor at least 12 h fover desiccant) in an airtight 
cabinet-type desiccator; (2) to shorten the drying time (if 
desii-ed), remove a plug ofthe damp filter and attach to a glass 
slide in accordance wilh 13.1.2 and 13.1.3. Place the slide with 
a filter plug or filter plugs (up lo eight plugs can be attached to 
one slide) on a bed of desiccant. in the desiccator for 1 h. 

11.11.8 PC iilteis do nol require lengthy drying before 



m 
preparalioii, bul may be placed in a desiccator tor at least 30 
min befbi-e preparation. 

11.12 Prepare TFi.VI specimens frorn small sections of each 
dried filter using the appropriate tlirecl transfer preparation 
method. 

12. Blanks 

12.1 Prepare sample blanks that include both a process 
blank (50 ml. of ultrapure water) for each set of samples 
analyzed and one unused filter from each new box of sample 
fillei-s (MCE or PC). If glass filtering units are used, piepare 
and analyze a process blank each lime thc filtering unit is 
cleaned. For example, if one glass filtering uiut is used for ten 
ditTcrent individual samples, then ten process blanks are 
piepai-ed and analyzed. Blanks vvill be considered conlami-
naled if, after analysis, they are shown lo contain more than 53 
asbestos stmctures per square millimetre. This generally cor­
responds to three or four asbestos slruetures found in ten grid 
openings. The source of the contaminafion must be found 
befoie any further analysis can be peiformed. Reject samples 
that were processed along with the contaminated blanks and 
prepare new sainples after the souice ofthe contamination is 
found. 

12.2 Prepare field blanks which ate included with sample 
sets in the same manner as the sam]-)les. to test for contamina­
tion during the sampling, shipping, handling, and preparation 
steps of the method. 

13. TEM Specimen Preparation of Mixed Cellulose Ester 
(.MCE) Filters 

.N'l.iTi: I Use of either the aectoiic or lhe DMF-ucelic acid method is 
aeceptttble. 

13.1 .4cetone Fusing Melhod: 
13.1.1 Remove a seciion (plug) from any quadiant of the 

sample and blank filteis. Secfions can be lemoved from the 
filters using a 7 mm cork borer, fhe cork borer must be wet 
wiped after each time a section is t-emoved. 

13.1.2 Place the filter section (particle side up) on a clean 
microscope shde. Affix the filter seciion to the slide with a 
guninied page reinforcement or other suitable means. Label the 
slide wilh a glass scribing lool or permanent marker. 

13.1.3 Prepare a fusing dish from a glass petri dish and a 
melal sei-een bridge. To piepare the fusing dish, make a pad 
from five lo six ashless paper filters and place in the bottom of 
the petri dish. Place rhe screen bridge on top of the pad and 
saluraie the filter pads with acetone. Place the slide on top of 
the bridge in the petri dish and cover the dish. Wait approxi­
mately 5 min for the sample filter to ftise and clear 

13.2 D.MF-Acetic Acid Method: 
13.2.1 Place a drop of clearing solution that consists of 

35 'Ml dimelhylformamide (DMI*"), 1 5 "A. glacial acetic acid, and 
50 % lype II water (vv) on a clean microscope slide. Gauge 
ihc amount used so that the clearing sijlulion just saturates the 
filter section. 

13 2.2 Carefiilly lay the filter segment, sample surface 
upward, on top of the siilution. Bring the filler and solution 
together al an angle of about 2()~' to help exclude air bubbles. 
Remove anv excess clearinu solution. Place the slide in an 

D5756 

oven or on a hot plate, in a fume hood, at 65 to 70''C fbr 10 
min. 

13.3 Plasma etching ol'ihe collapsed filler is required. 
13.3.1 The rnicioseope slide to which the collapsed filter 

pieces are attached is placed in a plasma asher. Because plasma 
ashers vary greatiy in their i.icrl'onnance, both from unit to unit 
and between different positions in thc asher chamber, it is 
dilTicull lo speciiy lhe exact conditions that must be used. 
In.sufficienl etching will result in a failui-e lo expose embedded 
fibers, and too much etching may result in the loss of particles 
from the filter surface, 'lo detemiine the optimum time for 
ashing, place an unused 25 mm diameter MCE filler in the 
center of a glass microscope slide. Position the slide approxi­
mately in the center of the asher chamber. Close the chamber 
and evacuate to a pressure of approximately 4 Pa, while 
admitting oxygen to the chamber at a rate of 8 to 20 cm- /min. 
Adjust the tttning of the system so that the intensity of the 
plasma is maximized. Determine the time required for com­
plete oxidafion of the filter Adjust the system parameters to 
achieve complete oxidation ofthe filter in a period of approxi­
mately 15 min. For etching of collapsed filters, use these 
opetating parameters for a period of 8 min. For additional 
infonnation on calibration, see lhe AHERA (4), NISTIR (7), or 
ISO/10312 and ISO/CD 15794. 

13.3.2 Place flic glass slide containing thc collapsed filters 
inlo a low-temperature plasma asher, and etch the filter. 

13.4 Carbon coating of fiie collapsed and etched filters is 
required. 

13.4.1 Caibon coating must be perfoi-med with a high-
vacuum coating unit, capable of less than 10"" torr (13 mPa) 
pressure. Units lhat are based on evaporation of carbon 
filaments in a vacuum generated only by an oil rotary pump 
have not been evaluated for this application and must not be 
used. Carbon rods used fbr evaporators shall be sharpened with 
a carbon rod sharpener to necks of about 4-mm length and 
1-mm diameter. The rods are installed in the evaporator in such 
a manner that the points are approximately 100 to 120 mm 
from the surface of the microscope slide held in the rotating 
device. 

13.4.2 Place thc glass slide holding the filters on the rotation 
device, and evacuate the evaporator chamber to a pressure of at 
most 13 niPa. Perform the evaporation in very short bursts, 
separated by 3 to 4 s to allow" the electrodes to cool. ,\r\ 
altemate melhod o)i evaporation is accomplished by using a 
low continuous applietl current. An experienced analyst can 
judge the thickness ofthe carbon film to be applied. Some tests 
should be made first on unused filters. Ifthe carbon film is too 
thin, large particles will be lost from the TEM specimen, antl 
there will be few complete and imdamaged grid openings on 
the specimen. If the coating is too thick, it will lead lo a 'fl-M 
image fiiat is lacking in conlrast. and the ability to obtain 
electron diffraction palterns will be compromised, lhe carbon 
film should be as thin as p<issihlc and still icmain intact on 
most ofthe grid openings ofthe TEM specimen. 

13.5 Preparation of the Jafle Washer: 
13.5.1 The precise design i.i\' the Jaffe washer is nol consid­

ered important, so any one of the published designs may be 
used (5, 8). One such washer consists of a simple stainless steel 
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bridge contained in a glass petri dish, as illustrated in Fig. 2. 
13.5.2 Place several pieces of lens tissue on the stainless 

steel bridge. The pieces of lens tissue shall be large enough to 
completely drape over thc bi'idgc and inlo the solvent. In a 
fume hood, fill the petri dish with acetone (or DMF) until the 
lieighl of lhe solvent is brought up to contact the underside of 
the metal bridge. 

13.6 Placing the Specimens into the Jaf/e IVasher: 
13.6.1 Place thc T1.-;M grids shiny side up on a piece of lens 

tissue or filter paper so that individual grids ean be easily 
picked up with tweezers. 

13.6.2 Prepare three grids from each sample, 
13.6.2.1 Using a curved scalpel blade, excise at least two 

square (3 mm by 3 mm) pieces ofthe earbon-coated MCE filter 
from the glass slide, 

13.6.2.2 Place the square filler piece carbon-side up on top 
of a THM specimen grid. 

13.6.2.3 Place the whole assembly (filter/grid) on the safii-
rated lens tissue in the .laft'e washer 

13.6.2.4 Place thc three TEM grid sample filter preparations 
on thc same piece of lens tissue in the Jatfe washer 

13.6.2.5 Place the lid on the Jaflb washer and allow the 
system to stand for several hours. 

13.7 Altemalely, place the grids on a low level (petri dish 
filled to the Vs mark) DMF .laffe washer for 60 min. Add 
enough solution of equal parts DMF.'aeetone to fill the washer 
to the screen level. Remove the grids after 30 min if they have 
cleaied, that is, all filter material has been removed fi-om the 
carbon film, as deteimined by inspecfion in the TEM. 

13.8 Carefully remove the grids from the .fafie washer, 
allowing the grids to dry before placing them in a clean marked 
arid box. 

_ | 14. TEM Specimen Preparat ion of Polycarbonate (PC) 
Filter 

14.1 Cover the surface of a clean miei-oscope slide with two 
strips of double-sided adhesive tape. 

14.2 Cut a strip of filter paper slightly narrower than the 
P-̂  width of lhe slide. Position the filler paper strip on the center of 

the lenuth ofthe slide. 

D 

Glass Petri Dish. 
( 100 mm X 15 mm ) 

Electron Microscope 
Specimens 

Lens Tissue Stainless Steel 
Mesh Bridge 

( 50 mesh ) 

FIG. 2 Design of Solvent Washer (Jaffe Washer) 
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14.3 l.lsing a clean, curved scalpel blade, cut a strip of the 
PC filter approximately 25 by 6 mm. Use a rocking motion of 
the scalpel blade to avoid tearing the filter. Place the PC strip 
particle side up on the slide perpendicular to the long axis of 
the slide. The ends of lhe PC strip must contact tlic double 
sided adhesive tape. Each slide can hold several PC strips. W'ith 
a glass niaikei-, label (next to each PC strip) with lhe individual 
sample number. 

14.4 Carbon coat the PC filter strips as discussed in 13.4.2. 
PC fillers do not require etching. 

Noi! 2—Caulliiii: Do nol ovei-hcat the filler soctions while carbon 
coaling. 

14.5 Piepare a Jaftb washer as described in 13.5, but fill the 
washer with chloroform or l-methyl-2-pyrrolidone lo the level 
of the screen. 

14.6 Using a clean curved scalpel blade, excise three, 3 mm 
square filter pieces from each PC strip. Place the filler squares 
carbon side up on the shiny side of a TEM grid. Pick up thc 
grid and filter section together and place them on the lens tis.sue 
in the Jaffe washer 

14.7 Place the lid on the Jaffe washer and leave the grids fbr 
af least 4 h. Best results are obtained wilh longer wicking 
times, up to 12 h, 

14.8 Carefully remove the grids from the Jatt'e washer 
Allow the grids to dry before placing them in a clean, marked 
grid box. 

J5 . Grid Opening Measurements 

15.1 TEM grids must have a known grid opening area. 
Determine fliis area as follows: 

15.1.1 Measure at least 20 grid openings in each of 20 
random 75 pm (200-mesh) copper grids for a total of 400 grid 
openings for every 1000 giids used, by placing the 20 grids on 
a glass slide and examining them under the opfical microscope. 
Use a calibrated graficule to measure the average length and 
width of the 20 openings from each of the individual grids. 
From the accumulated data, calculate thc average grid opening 
area of the 400 openings. 

1 5,2 Grid area measurements can also be made at the 'fEM 
al a calibrated screen magnification. Typically measure one 
grid opening for each grid examined. Measure grid openings in 
both the .r and v direcfions and calculate the area. 

15.3 Pre-calibrated TEM grids are also acceptable for this 
tesl melhod. 

16. TEM Method 

16.1 Calibrate the microscope routinely for magnification, 
camera constant, and liDX.A settings (see Section 22 for more 
detailed discussion). 

16.2 Microscope settings: 80 to 120 kV, 15 000 lo 20 OOOX 
screen magnification f"or analysis as determined in 16.7. 

16.3 ,'\!ialyze two grids for each sample. Analyze approxi­
mately one-half of the required grid openings on one sample 
giitl preparation and tlie rernaining half on a second grid 
preparation. See 16,7 and 17.10 for thc number of gritl 
openings wliich must be analyzed. 

16.4 Determination of Specimen Suitability: 
16.4.1 Carefully load the 'I'EiVI grid, carbon side facing up 

(in lhe TEM column) wilh the grid bars oriented parallel/ 



periiendictijar to the length ofthe specimen holder. Use a hand 
lens or loupe, ifnecessary. This procedure will line up the grid 
wilh the .r and v iranslalion directions ofthe niicroscope. Insert 
the specimen holder inU) llic microscope. 

16.4.2 Scan the entire grid at low magnilication (25QX to 
lOOOX) lo determine its suitability for high magnification 
analysis as specified in 16.4.3. 

16.4.3 Grids ai-e acceptable for analysis if the following 
conditions are mei: 

16.4.3.1 The fraction of gi'id openings covered by the 
replica section is al least 50 %. 

16.4.3.2 Relative to that section ofthe giid covered by the 
carbon replica, the fraction of intact grid openings is greater 
than 50 %. 

16.4.3.3 The fractional area of undissolved filter is less than 
10%. 

16.4.3.4 The fraction of grid openings with overlapping or 
folded replica film is less than 50 %. 

16.4.3.5 Al least 20 grid openings that have no overlapping 
or folded replica, arc less than 5 % covered with holes and have 
less than 5 % opaque area due lo incomplete filter dissolution. 

16.5 Lleterrnination o fGr id Opening Suitability: 
16.5.1 Ifthe grid meets acceptance criteria, choose a grid 

opening for analysis from various areas of the grid so that the 
entire grid is represented. Determine the suitability of each 
individual grid opening to be analyzed prior to file analysis, 

16.5.2 The individual grid opening must have less than 5 % 
holes over its area. 

16.5.3 Grid openings must be less than 25 % covered with 
particulate matter 

16.5.4 Grid openings must be uniformly loaded. 
16.6 Observe and lecord the orientation of the grid, at 80 to 

150 X, on a grid map record sheet along wilh the location ofthe 
grid openings that are examined for the analysis. If indexed 
grids are used, a grid map is nol required, but the identifying 
coordinates ofthe grid square rnust be recorded. 

16.7 At low magnification (lOOOX), scan approximately 50 
grid openings to find the largest width of an asbestos fiber or 
bundle. If an asbestos fiber or bundle is observed, adjust file 
microscope magnification so that 1 mm on the fluorescent 
screen corresponds to approximately 10% ofthe width of die 
previously selected large sh-ucture. Examine the sample at the 
lower ol'this magnification or 20 OOOX. If no fibers or bundles 
are observed during the low magnification scan, arbitrarily 
choose one grid opening. Begin high magnification (15 000 to 
20 OOOX) scans vvilh this grid opening. 

16.7.1 Record the dimensions of the structure with the 
lai-ijest width. Calculate the mass of iliis structure (see Section 
17)̂ . 

16.7.2 Continue scanning at thc appropriate magnification 
until eitiier lhe mass ofthe large structure selected in 16.7.1 is 
no greater than I'm of thc total asbestos mass observed or the 
stopping mles (17.10) apply. 

17, Data Recording Rules 

17.1 Record on the count sheet (Fig. 3) any continuous 
grouping of particles in which an ashestos fiber is delected. 
Classify asbesios structuies as fibers, bundles, clustei-s, or 
malrices as defined in 3 2 . 
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17.2 Use the AHE.R.A criteria for fiber, bundle, cluster, and 
matrix identification (4). Record length and width measure­
ments. 

1 7.2.1 For bundles and fibers, record the length and width of 
the struc I urc. 

17.2.2 For disperse clusters, record the overall length and 
width ofthe struclut-e. Reeoid, in order of decreasing length, up 
to f\\c component fibers or bundles in accordance with 17.2.1. 
These ccnnponenl fibers or bundles are not counied in deter­
mining overall structure count or slopping rules. 

17.2.3 For compact clusters, record the overall length and 
width ofthe structure, 

17.2.4 For disperse matrices, record the overall length and 
width ofthe slructuie. Record, iu order of decreasing length, up 
to five component fibers or bundles in accoidanee with 17.2.1. 
These component fibers or bundles are not counted in deter­
mining overall stmcture count or stopping nilcs. 

17.2.5 For compact matrices, record the overall length and 
width of the structure. 

17.2.6 Calculate the mass of an individual structure as 
shown in 20.1. 

17.3 Recoid NSD (No StnicUires Detected) when no sfi-uc-
tures are detected in the grid opening. 

17.4 Identify structures classified as chrysotile identified by 
either electron diffraction or X-ray analysis and record on a 
count sheet. Verify al least one out of every ten chiysotile 
structures by X-ray analysis. 

17.5 Structures classified as amphiboles by .X-ray analysis 
and electron diffraction are recorded on the count sheet. For 
more information on idenfification, sec Yamate, et al (5) or 
Chatfield and Dillon (8). 

17.6 Record a typical electron diftVaction pattem for each 
type of asbestos observed for each group of samples (or a 
minimum of every five samples) analyzed. Record the micro­
graph number on the count sheet. Record al least one X-ray 
speclrum for each type of asbestos observed per sample. Attach 
the print-outs to the back of the count sheet. If the X-ray 
spectrum is siored, record the file and disk number on the count 
sheet. 

17.7 Counting Rules: 
17.7.1 /M a screen magnification of between 15 000 and 

20 OOOX evaluate die grids ibr the most concentrated sample 
loading; lejecl the sample if it is estimated lo contain more than 
50 asbestos structures per grid opening. Proceed to the next 
lovN-er concentrated sample unfil a set of grids are obtained dial 
have less than 30 asbestos stmctures per grid opening. 

17.8 .'{nalytical Sensitivity An absolute analylical sensitiv­
ity specified in tenns of mass cannoi be defined for this lest 
melhod. .'V nominal analylical sensitivity fbr an ttnalysis can be 
defined on the basis ofthe smallest asbestos fibril reportable by 
Ihis tesl melhod, 0.5 itin by 0.025 pm. .Assuming lhe following 
values for the parameters defined in Secfion 19: EF.A - ! 150 
m n r ; G O - 10; GOA - 0.006 mm-'; SPI. - 100 cnr''-; V ~ 50 
mL, rhis equates to an analytical sensitivity of 0.24 pg of 
asbesios per square cenlimetre. fhis sensitivity can be im­
proved by increasing the aniount of liquid filleted, increasing 
lhe nuinber of grid openings analyzed, or decreasing the size of 
the final filler. 
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Nas 
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Nas 
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Nas 

Nas 

Nas 

Morph Mass EDS Photo SAED Amp 
in 

Vby 

Amphibole Abbreviations: Act-Actinolite, Ani-Anthophyllite, Cro-Crocidolite, Gru-Grunerite (Amosite), Tre-Tremolite. 

FIG, 3 Count Sheet 

u 17.9 Limit of Deic-'ciion Because lhe Limit of Detection is 
dependcni on the counting of stmctures, the Limit of Deleclion 
for Ihis lest method is defined as less than four structuies 
measured during the analysis. If no asbestos sirueiui-es are 
observed, llie Limit of Deleclion is four times the analytical 
sensitivity calculated assuming fiber dimensions of 0.5 um by 

—1 0.025 pm (sec 17.8). If more than lour stmcuircs are detected, 
the Limit of fielection et|iia!s the mass ealciilatcd based on the 
measurements ofthe lour smallest slruetures reported. If less 

than four structures are observed, the Limit of Detection is the 
calculated value of concentration based on four times the 
average mass of thc structures observed. 

17.10 Stopping Rules: 
1 7. lo. 1 Continue analyzing the sample until thc mass ofthe 

largest asbestos structure (16.7) accounts for 10% ofthe tola! 
asbestos mass counted or until thc total number of grid squares 
analyzed is either 100 or 10 X 20 ()()0.'''selected magnification, 
whichever is smaller. 
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17.10.1.1 Complete ihc analysis of the grid square in vvhich 

the stopping rules at-e satisfied. 
17.10.2 If more than 10% of the counted structures are 

either compact clusters or compact malrices, ihen the sample 
musl be reprepared starting with 11.10, using eiiher longer 
ultrasonic treatment or an iiltrasonic probe lo disperse the 
complex structures. 

17.11 After analysis, remove the grids I'rorn l!ie TEM, and 
replace thern in the appi-opriate grid storage holder 

18. Sample Storage 

18.1 The washed-out sample cassettes can be discariled 
after use. 

18.2 Sample grids and unused filter sections must be stored 
for a minimum of one year, 

19. Calculations 

19.1 Calculation of Results—Use the following equation to 
determine the amount of asbestos in the sample: 

Eh-.t /. 100 ml, X ,W 
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asbestos, g/cm^ = GO X GOA / V X SPL X Fl- •1) 

where: 
M 
EFA 

= total asbestos mass counted, g, 
^ eJfective filter area of the final sampling filter. 

mm 
GO - nuniber of grid openings counted, 
GOA •- average grid opening area, mnr, 
SPL = surface area sampled, cm^. 
V ^ volume of sample. mL, filtered in step 11.5.9, 

representing the actual volume taken from the 
original 100 mL suspension, and 

Ff' = fraction of filter ashed in 11.7. 
19.1.1 If the mass of asbestos per mass of analyzed dust is 

to be reported, calculate the weight % as follows: Sum thc 
mass of asbestos from 20.1 to obtain a lolal mass of asbestos. 
Estimate the weight % using the following equation: 

El-A X too ml. / MX 100% 
asbestos, weight percent 

GO X CiOA X (' X /••/-• X (ir., ~ W'',) 

where: 
W, = 

(2) 

pre-vveight ofthe filter, 11.4.1, mg, and 
weight of redeposit filter after the suspension has 
been filtered, as in 11.6.1, mg. 

20. Reporting 

20.1 Mass for each asbestos structure is calculated using the 
-1 methods described in ISO./CD 13794. 

20.1.1 'Fhe mass of a fiber or bundle is calculated as: 

Mass X /. X iV- X /.) \ 10 ( • > , ' 

where: 
/, -~̂  length of lhe fiber, fim 
H-' = width of the fiber, pm. antl 
D ^ density of fiber, Mg/m' (1), (2), or (3). 

20.1.1.1 fhe follovvinor densities are usetl: 

Mineral 
Chrysolite 
Crocidolite 
AiTiosite 
Anthophyllitfi 
Tremolite 
Acllnoli le 

Density, Mg/m"' 
2.5,5 
3.3:/' 
3.43 
:i.00 
3.00 
3.10 

20.1.2 The mass of a dispei-se matrix or a disperse cluster is 
eslimaled by summing the mass oi' the component fibers or 
bundles. The mass of a compaci cluster or compact matrix is 
not determined. 

20.2 Report the following inform:ilion for each dust sample 
analyzed: 

20.2.1 Types of asbestos present, 
20.2.2 Number of asbestos stmcttires present, 
20.2.3 Concentration in mass per cm''' for each asbestos type 

present, 
20.2.4 The analytical sensitivity, 
20.2.5 Effective fillTation area, 
20.2.6 Average size of the TEM grid openings that were 

counted, 
20.2.7 Number of grid openings examined, 
20.2.8 Sample dilution used, 
20.2.9 Area of the surface sampled, 
20.2.10 Listing of size data for each stmcmre counted, and 
20.2.11 A copy ofthe TEM count sheet Ibr each sample or 

a complete listing ofthe raw data. 

21. Qualitj' Control/Qualitj' Assurance 

21.1 In general, the laboratory's quality control checks are 
used to verify that a system is performing according to 
specifications regarding accuracy and consistency. In an ana­
lytical laboiatory, spiked or known quanfitative samples are 
normally used. Hovvever, due to die difiiculfies in preparing 
known quantitative asbestos samples, routine quality contiol 
testing focuses on re-analysis of samples (duplicate recounts). 

21.1.1 Re-analyze samples at a rale of V\ti ofthe sample sets 
(I out of every 10 samples analyzed not including laboralory 
blanks). The re-analysis shall consist of a second sample 
preparation obtained from the final filter. 

21.1.2 In addifion, quality assurance programs must follow 
the criteria shown in the Federal Register for AHERA samples 
(4) and in die NISTIR documeni (7). These documents 
describe sample custody, sample preparation, blank cheeks fbr 
contamination, calibralion, sample analysis, analyst qualifica­
tions, and technical facilities. 

22. Calibrations 

22.1 Perfbrm calibrations ofthe instrumentation on a regu­
lar basis, and reiain a calibration record for each TEM in the 
laboratory, in accordance with the laboratory's quality assur­
ance program. 

22.2 Record calibrations in a log hook along with dates of 
calibration and the attached backup documentation. 

22.3 A calibration list I'or the instruinent is as follows: 
22.3.1 TEM: 
22.3.1.1 (,1ieck the alignment and lhe systems operation. 

Refer to the IFIM manufiicturerX operalitnial manual for 
detailed instructions. 

22.3.1.2 Calibrate the camera Icnijth of the 'I'EM in electron 



•ul 

dilTraclion (FiD) operating mode before ED pallerns of un­
known samples are observed. C^amera length ean be measured 
by using a carbon coated grid on which a thin film of gold has 
been spuliered or evaporated. A ihin film of gold is evaporated 
on the specimen TEM grid lo obtain zone-axis ED patterns 
superimposed with a ring pattem from the polycrystaliiiie gold 
film. In practice, it is desirable to optimize the thickness ofthe 
gokl film so that only one or two sharp rings are obtained on 

_ | the superimposed ED pattem. Thicker gold films will tend lo 
mask weaker difliaetion spots from thc fibrous particles. Since 

—I the unknown d-spacings of most interest in asbestos analysis 
are those which lie closest to thc transmitted beam, multiple 
gold rings from thicker films are unneccssai-y. .'Mtenialively, a 
gold standard specimen can be used to obtain an average 
camera constant calculated for lhat particular instrument that 
can then be used fbr ED patterns of unknowns laken during the 
corresponding period. 

22.3.1.3 Perfoim magnification calibration at the fliiorcscenl 
screen. This ealibiation must be performed at the magnification 

'—' used for stmcture counting. Calibration is performed with a 
grating replica (for example, one containing at least 2160 
lincs/'iimi). 

(a) (a) Define a field of view on thc fluorescent screen. The 
field of view must be measurable or previously inscribed wilh 
a scale or concentric circles (all scales should be metric). 

(h) (b) Frequency of calibrafion will depend on the service 
history of the particular microscope. 

(c) (c) Check the calibration after any maintenance ofthe 
niicroscope that involves adjustment ofthe power supply to the 
lens or the high-voltage system or the mechanical disassembly 
ofthe electron optical column (apart from filament exchange). 

P-, (d) (d) The analyst must ensure that the grating replica is 
placed at the same distance from the objective lens as the 
specimen. 

(e) (e) For instruments thai incorporate a eucenlrie tilling 
specimen stage, all specimens and the gi-ating replica must be 
placed at the eucenlrie posilion. 

22.3.1.4 The smallest spot size of the TEM must be 
,_^ checked. 

(a) (a) .At the crossover point, photograph the spot size at 
a screen magnification of 15 OOOX to 20 OOOX. An exposure 
time of 1 s is usually adequate. 

r~| (l:>} (/.') Fhe measured spot size must be less than or equal 
to 250 nm. 

22.4 EDXA: 
22.4.1 The resolution and calibration ofthe Ef)XA must be 

verilied. 
22.4.1.1 Collect a standard EDXA Cu peak ftom lhe Cu 

gnd. 
22.4.1.2 Compare the .X-ray energy veisus channel number 

for the Cu peak and be certain readings are within ± 10 eV. 
22.4.2 Collect a slandard ED.XA of crocidolilc asbestos 

(NIS'f SRM 1866). 
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22.4.2.1 'Fhe elemental analysis of the crocidolite must 
resolve the Na peak. 

22.4.3 Collect a slandard EDXA of chrysotile asbesios. 
22.4.3.1 The elemental analysis of chrysotile must resolve 

both Si and Mg on a single chrysotile fiber 
22.5 Perfomi ultrasonic bath calibration as follows: 
22.5.1 Fill die bath with water to a level equal to the height 

of suspension in the glass sample container that is used for the 
dust. Operate thc bath until the water reaches the equilibrium 
temperattire. 

22.5.2 Place 100-mL of water (at approximately 20-C) in 
the 200-inL glass sample container, and record its tempet-ature. 

22.5.3 Place the sample container inlo the water in the 
ultrasonic bath (with the power turned ofl). After 60 s, remove 
the glass container and recoi-d its temperature, 

22.5.4 Place 100-mL of water (at approximately 20°C) in 
another 200-mL glass sample container, and record its Icrn-
perattire, 

22.5.5 Place the second sample container in the water in the 
ultrasonic bath (with the power tumed on). After 60 s, remove 
the glass container and record its temperature. 

22.5.6 Calculate the rate of energy deposition into the 
sample container using the following formula: 

0. - 0, 
4.185 X . T X p X-^- -—-R (4) 

where: 
4.185 
7? 

G , 

joules/eal, 
energy deposition, MVV.'m', 
temperature rise with the ultrasonic bath not oper­
ating. °C, 
teniperature rise with the ultrasonic bath operating. 

t -̂  fime, s (to 60 s (22.5,3 and 22,5.5)), 
(T = specific heat of the liquid in the glass sample 

conlainer (1.0 cal.'g), and 
p - density ofthe liquid in the glass sample container 

(1,0 g/ciir'). 
22.5.7 Adjust the operating conditions ofthe bath so that the 

rate of energy deposition is in the range of 0.08 to 0.12 
MW/ni'', as defined by this procedure. 

23. Precision and Bias 

23.1 Precision—The precision ofthe procedure in this tesl 
method has nol been deiermined. The failure lo adequately 
disaggregate large structures, however, will decrease the pre­
cision of the results, 

23.2 Sw.y-- "Bias of this test method has not been deter­
mined. The failui-e fo adequately disaggregate large structures, 
however, will induce a negative bias lo the results. 

24. Keywords 

24.1 asbestos: indirect: mass; microvacuuming; settled dust; 
TEM 
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